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Mallinckrodt, Inc.

675 McDONNELL BLVD. e P.O.BOX 5840 . ST. LOUIS, MO. 63134 o (314) 895-2000

January 14, 1983

Mr. Bernard Rains

Metropolitan St. Louis Sewer District
10 East Grand

St. Louis, Mo. 63147

Dear Bernie:
Enclosed is a copy of the news release put out by EPA on the Standards

for Remedial Actions at Inactive Uranium Processing Sites along with
a copy of the final rule from the January 5, 1983 Federal Register.

Very truly yours,

I - M

“James K. Grant
Manager, Environmental Affairs

/bd
enc.

" Mallinckrodt
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Environmental Protection ublic Affairs (A-107)
Agency Washington DC 20460

{-%EPA Environmental News

@

FOR RELEASE: WEDNESDAY, DECEMBER 15, 1982

Casey (202) 382-4378

. EPA ISSUES The U.S. Environmental Protection Agency Admin-
x « STANDARDS | . LTI AT L o IR LR AT IR T g
ON=URANTUV istrator Anne M. Gorsuch today announced Ehat the — — = ==

agency has just issued health and environmental
protection standards to govern the cleanup and long-
- term coﬁtrol of tailings generated ffom uranium ore
that was processed during and shortly after World War

IT.

( : The Department of Energy and participating
states will perform the remedial actions required
to achieve these standards, with the concurrence
of the Nuclear Regulatory Commission and in consulta-
tion with affected Indian tribes and the Department
of the Interior. ,

"We believe that cleanup and long-term control
under these standards will virtually eliminate any
significant threat to public health and the environ-
ment from these tailings," Mrs. Gorsuch said.

Tailings are sand-like natural materials that
remain after uranium has been extracted from ore.
l They contain small concentrations of naturally
| radiocactive materials, such as radium and thorium,
which give rise to emissions of radon, a naturally-
! occurring radioactive gas.

There are about 24 million tons of these tailings
distributed on 24 sites covering about 1,000 acres,
most of which are in remote areas of the West. A
few are at population centers such as Salt Lake City,
Utah, Grand Junction, Colo., and Canonsburg, Pa.

‘(more)
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In the past, tailings at many sites have been removed and used in
constructing houses, or in other places, as a substitute for sand.
Using tailings in construction is especially hazardous, EPA said,
because radon decay products accumulate in indoor air. Agency surveys
estimate that approximately 6500 different places contain such tailings,
and that many hundreds of these are houses-or other habitable structures.
Tailings have also been blown or washed from most of the piles onto
nearby land.

The cleanup standards require that radioactivity in houses where
tailings were used, for example in basement foundations, be restored
to levels that are more characteristic of background levels of natural
radiocactivity.

e g eyt W, SUPTN . s - : m vm e

Under EPA'S cleanup standard “for bu11d1ngs, the objectlve is™to™
achieve an indoor radon decay product concentration of 0.02 WL
("Working Level"). Normal air contains redioactivity caused by radon
decay. The WL is a measure of the concentration of such radioactivity.
Tailings should be removed from premises where the level exceeds
0.03 WL, but lower cost ventilation and air cleaning methods may be
used otherwise.

ey

qmlnatedala darequire surfaceS

i

sThe  cleanup.standards for co im 1
.contamination-to-be:-less ‘than 5“” ycuries of“radium=226* périgram
~ofrgsoil~(averaged®over-the: top?lS’centlmeters) and: 1ess*than«-§;w
plcocuries* erﬁgram*belowwthe%surface.: Tailings that have been taken
away from the piles for use in non-hazardous locations (such as fence
post foundations and small flower beds) would not have to be removed,

however.

The control standards require long-term stabilization of the
tailings piles to protect against dispersion and mlsuse, and control
of releases of radioactivity to air and water.

The standards require control methods for tailings piles to be
effective for at least 200 and, to the extent practicable, for 1,000
years. Radon releases from the piles are limited to less than 20
picocuries per square meter per second. (Current release rates are
typically about 10 to 50 times greater.)

The standard does not specify control methods. However, methods
are available to satisfy these requirements that will keep tailings
from spreading for a very long time, and will discourage access to them.

EPA has decided that general numerical water protection standards
are not needed for this remedial action program. Instead, it recommends
that any necessary water protection measures be decided site-by-site,
based on hydrological and geochemical surveys and relevant state and
federal water quality criteria.

The Administrator said, "When the standards have been satisfied,
it is very unlikely that the tailings will pose a significant hazard
to people during the foreseeable future.®

-[ore -
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The Federal Government will pay 90 percent of the remedial action
costs and the participating states 10 percent. On Indian reservations,
the full cost will be borne by the Federal Government. EPA estimates
the cost of meeting the standards will be about $320 million. This
would be spread over the seven-year period the law allows for completion
of the program.

The standards were developed at the direction of Congress. The
Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA) requires
the Federal Government to eliminate or minimize hazards associated
with tailings piles left from past uranium milling operations. EPA

-is responsible for developing standards for these remedial actions. _
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Federal Register / Vol. 48, No. 3 / Wednesday, January 5, 1883 [ Rules and Regulations

ENVIRONMENTAL PROTECTION
AGENCY .

-

40 CFR Part 192
{A-FRL 2211-8a]

Standards for Remedial Actions at
inactive Uranium Processing Sites

agency: U.S. Environmental Protection
Agency.
acTion: Final rule,

SuMMARY: We are issuing final health
and environmental standards to govern
stabilization, control, and cleanup of
residual radioactive materials {primarily
mill tailings) at inactive uranium
processing sites. These standards were
developed pursuant to Section 275 of the
Atomic Energy Act {42 U.5.C. 2022}, as
added by Section 208 of the Uranium
Mill Tailings Radiation Control Act of
1978 {Pub. L. 95-604), and were proposed
in April 1980 and January 1981.

The standards apply to tailings at
locations that qualify for remedial
action under Title I of Pub. L. 95-604.
The standards for control provide that
the tailings be stabilized in a way that
gives reasonable assurance that the
health hazards associated with the
tailings will be controlled and limited
for a long period of time. They also
establish a requirement to control
releases of radon from tailings piles. The
standards for cleanup set limits on the
radon decay-product concentration and
gamma radiation levels in buildings
affected by tailings and on the radium-
226 concentration in contaminated land

In response to comiments on the
proposed standards for disposal and for
cleanup, we have evaluated a number of
alternatives in terms of their costs and
the reductions achievable in potential
health effects. A number of changes
have been made, including raising some
of the numerical limits and eliminating
some requirements. The purpose of most
of these changes is to make
implementation easier and less costly.
The changes should not result in any
substantial loss of health or
environmental protection over that -
which would have been provided by the
proposed standards.

EFFECTIVE DATE: The final standards
take effect on March 7, 1963.
ADDRESSES: Final Environmental
Impact.Statement. Background
information is given in the Final
Environmental Impact Statement for
Remedial Action Standards for Inactive
Uranium Processing Sites. [FEIS), EPA
Report 520/4-82-013-1. Single copies of
the FEIS, as available, may be obtained
from the Program Management Office

[ANR~458), Office of Radiation . -

Agency, Washington, D.C. 20460; . -~
telephone number ¥03-557-9351.
Docket. Docket Number A-78-25
contains the rulemaking record. The
docket is available for public inspection
between 8:00 a.m. and 4:00 p.m., Monday
through Friday, at EPA’s Central Docket
Section {A-130), West Tower Lobby, 401
M Street, S.W., Washington, I.C. 20460.
A reasonable fee may be charged for
copying. ‘ '
FOR FURT};ER INFORMATION CONTACT:
Dr. Stanley Lichtman, Guides and
Criteria Branch {ANR-460}, Office of

Radiation Programs, U1.S. Environmental -

Protection Agency, Washington, D.C. -
20460; telephone number 703-557-8927.
SUPPLEMENTARY INFORMATION:
1. Introduction

On November 8, 1978, Congress

"enacted the Uranium Mill Tailings

Radiation Control Act of 1978, Pub. L.
95-604 (henceforth designated “the
Act”). In the Act, Congress stated its
finding that uranium mill tailings *. . .
may pose a potential and significant
radiation health hazard to the public,
. ..and. . .that every reasonable
effort should be made to provide for -
stabilization, disposal, and controlin a
safe and environmentally sound manner
of such tailings in order to prevent or
minimize radon diffusion into the
environment and to prevent or minimize
other environmental hazards from such’
tailings.” The Administrator of the
Environmental Protection Agency (EPA]}
was directed to set *. . . standards of
general application for the protection of
the public health, safety, and the
environment . . ." to govern this process
of stabilization, disposal, and control.
The Act directs the Department of
Energy (DOE) to conduct necessary
remedial actions at designated inactive
uranium processing sites to achieve
compliance with the standards
established by EPA. Standards are
required for two types of remedial
actions: control and cleanup. Control ia
the operation which places the tallings

_piles in a condition that will minimize

the risk to man for a long time. Cleanup
is the operation which reduces the
pofential health consequences of tailings
that have been dispersed from tailings
piles by natural forces or removed by
man and used elsewhere in buildings or
land.

In April 1860, we proposed standards
for cleanup of tailings {45 FR 27370,
April 22, 1980} and made them effective
immediately as interim standards {46 FR
27366, April 22, 1980). We took this :
action to allow DOE to begin remedial

, ,‘v‘ work immediately at some
Programs, U.S. Environmental Protection™ ™

contaminated buildings which posed a

‘high level of risk. In January 1961, we

proposed standards for control of
tailings piles {48 FR 2558, January 9,
1981} and issued a Draft Environmental
Impact Statement (DEIS] covering both

_the control and cleanup standards.
Public hearings on the standards were
- held in Salt Lake City, Utah, on April

24-25, 1981; in Durango, Colorado, on
April 27-28, 1981; and in Washington,
D.C., on May 14-15, 1981.

We received a wide range of

_responses iq the proposed standards

and the DEIS. Sixty-eight substantive
comment letters were received and
twenty-three individuals testified or
submitted comments at the public

hearings. Comments were received from
& broad spectrum of participants,

including private citizens, public interest

_ groups, members of the scientific

community, representatives of industry,
and State and Federal agencies. We
have carefully reviewed and considered
these comments in preparing the FEIS
and in promulgating these final
standards. The written comments are
reproduced in the FEIS, which also
contains our detailed responses. The
major issues raised in public comments,
our response to them, and the detailed
changes in the standards are given in
Sections lil and IV. Below we simply
summarize the major conclusions
reached as a result of our review.
These standards are established to
salisfy the purposes of the Actto ™. . .
stabilize and control. . . tailings in a
safe and environmentally sound manner
and to minimize or eliminate radiation
health hazards to the public.” The Act
does not provide specific criteria to be
used in determining that these purposes
have been satisfied. We have therefore
made it our objective to establish
standards that take account of the

tradeoffs between costs and benefits in

a way that assures adequate protection
of the public health, safety, and the

-environment; that can be implemented

using presently available techniques and
measuring instruments; and that are
reasonable in terms of overall costs and
benefits. We have been especially .
cognizant of the need to differentiate

- what would be desirable from what we

believe to be necessary to achieve the
purposes of the Act.

Substantial dissatisfaction with the
proposed standards was expressed in
written comments and at the public
hearings. In response to these views, w¢
carefully evaluated a number of
alternatives with respect to the above
factors. Details of each of the alternative
conhoﬂnd cleanup standards we

MSD 000534




S

TR g

R R T S

Federal Register { Vol. 48, No. 3 { Wednesday, January 5, 1983 / Rules and Regulations 591

onaidemd are gieen da the FEIS. -
Selected resvlie of our ansliysis that are
pertinent e our choioces for nach part of
the finsl stendeed are given in Section

" 111 of this Notige. The following teble

contains a summery of the alternative
standards we considered for control of
tailings piles. .

ALTERRATIVE STANDARDS FOR CONTROL OF URANiumM Mitt TAIUNGS PILES

. [i Arincips! 1eQuirements
. Fov redon erwssion from " .
shesid prevent srosion and ! For water otection
ron;nne Yyears) p-of phe (pGifette) ; ukly b
No standeeds Wowa {1 ity Gecays to 10 | No &mit (The sverage emis- | None (Toxic chemicals in tail-
| @erpent in 265,600 ¢7). wion & 600 plisens), i dnge @t concentrations t00
| . ij W background).
EPA proposed ... 1000 2 sbove background. | Ao sd ion of
f T toxic chemicats.
ARSINBIVE A .....ovecenrrreneencer] 1,000 88 10,000 i 2 @uove background. ... 4 No  degradation that  would
§ : prevent; present uses.
ARSTEUNE B oo RO S0 IBE0 20 il o based on  walsr
4 | cwatity criteria.
Alternative C | tndatvits, fong-term 100 Guidance, based on water
b . | ity eritecia,
AROTOAEVE D] Dt cOvec, 10097 inatitutionad | No recges vavent significant srosion of
4 control, Giscograge moving of wiags (10 aurisos weler o
1 pties. : | gwmend waser, o weat water
| § doslore use.
ARGAIAUNE € ...oocereereorne ] FTRTIR] COVEN 10 provent wind- | NO fEQUENGMET ey #4éo protection required.
biown @rosion wwly. 100- o X
Fuber  inslsomel  cootrol;
move oy piles in immediate
dange thes 10 Hoods, f
A

The alternative cleanup and control
standards can be generally categorized
as:

(13 Least cost alternatives which
provide minimum acceptable health
protection, and depend upon the useof
institutional methods of vontrol

(7 Optimized costhenefit sternutives
whiich provide Yonger termn hedlth
protection, withom rebance on ..
institetional controls, but &t 'somewhat
higher costs; and

19} Nondegradation eiernatives which
attempt to achieve love to the same -
environmental consequences s Tight
occur i the ore had not been mined:
these entail enudh higher costs, and
could result in some undesirable
environments] conmsegquences.

Caxr sxaeltysis was besed on assuming
that remedinl 2 ctions to satisfy “%eest
cos(” tuiliings pile contrel standards
would entail applying & thin earthen
cover and #ttle or oo reirforoument of
relatively steep side dlopes, Integrity ©f
the cover wenld be musured frough
active enintenanoe for 180 years. Only
mamimad flood INBRSUreS
would be applied, and &s few as one pile
would be smoved to & more stable
lecation. Covers world be progressively

. thicker and léss dependont wpon care

under the more stringert sltemsatives,
with more gradusl slopes and greater
use of rock for reinforcement. Under the
“nondegradation” alternatives, mp to
half of the wiles weuld be moved 1o
satisfy either water protection or
lgngevs'tqunirgqxents.
Y S"?‘ b et ph i
B wwg}.’:ﬁ‘s} R

The alternative cleanup standards
would require progressively more

‘complete remowal of tailings from more

buildings. Remedial methods that do not
involwe tailings removal may be used on
a Timited basis under all but
“nondegradation” alternatives.

The moré mnngenﬂan& dleanup
alternafives Tequire more complete
removal of contaminated material,
implying that laxger areas may be
cleaned up &t each comtaminated
location and somewhsat greater num’oers
of sites qualify for cleanup.

We toncluded that the standards we
originally proposed approach a
“nondegradation” slternative that
would, in at least some cases, be
difficult to implemem, since they specily
cleanup and control Yimits close to
background Sevels. More dmportantly,
the smal incrementsd brealth benefits,
when compared éo the benefits for tess
stringent alternetives, do not appesr to
justify the darge additiomrsl couts.

We selected an “optimized cost-
benefit” rather ¢han a “losst oost”™
alternative for the fingl standards, in
part because it provides mnuch greater

1A wurie de the s moust af medicactive mutarisl
that prod 37 billion sudlear f tinne
{e.g.. decays of radium into. mdan)per second. A
picocurie {pCi) is a trillienth ol a curie. One
picocurie of material produces just over two
transformations per minute. pCi/m®s is a unit for
the velease vate of radioactivity from a surface
{m=anetor, s =sacond). pCi/gis & untl for the

protection of hestth et only & small
increase ebove-the {east cost-
alternatives, and in part because it does
not place primary reliance on
institutionsl methods of contrel. The
final standards provide for:

(1) Control systems for tailings piles—
Control and stabilization which will
ensure, to the extent reasonably
achievable, an effective life of 1000
years, and in any case, for at least 200
years. This control and stabilizetion will
be designed to provide a barrier which
will effectively minimize the potential
for misuse and spread of the tailings,
limit the average radon emission from
the surface of tailings piles to no more
than 20 pCi/m?s,* protect against
flooding, and protect from wind and
water erosion. We have also provided
an slernative eqmvalent to the radon
emission limit that is stated in terms of
the maximum radon concentration in air
at locations off the pile.

(2) Flood control —Diking or other
flood protection controls given first
consideration, rather than moving piles,
when there 48 s ridk from floods.

(3) Contro! of waterborne poliutants—
DOE should assess each site and
establich wny corrective or preventive
programs $ound necessary to meet
relevant State and Feders] Water
Quality Standards and %o be consistent,
to the mnasdizam e xtent practicable, with
the Solid Waste Dispsmﬂ Actas -
amended. .

(4) Cleanup «f buildings—An
objective For redustion of radon decay
products of €02 WL * with a maximuom
limit of 0.03 WL.

{5) Cleanup of dispersed aikings—
Limitations of soil radiom comentto 5
pCi/g (above background) sveraged
over the top 15 centimeters of soil, and
to 15 pCi/g averaged over any 15
centimeters of soil below this.

(8} Oleanup of offsite iand—-—-Remedxai
actions applied only 1o situetions that
consfihite & hazand; én those cases,
cleannp equivelent to the above -
standard for dispersad tailings.

- The Teble below provides 4 smmmary
comparissnof the praposed end final

standards. The $ollowing sections
previde & more defsiled discussionof
the basis for the finsl standards.

radioactivity concsntration in & .mass of material
{g==gramj.

A “working Tevel” {WL}ls any combination of
shortdived vradon decay products in one liter of air
that will resultin the ultimate emission of alpha
particles with a total enegy of 130 billion electron
volts. Working level is a measure of the
concentrution of radicectivity in the air, not of how
much wadiation a person actually receives.

1

Ty«
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; SummarY COMPARISON OF PROPOSED AND FINAL STANDARDS

Controf of Taiings Pies:

T, LONGEVRY . creccnsmsmssssomrssssensessssnsnsand] At least 1000 yeare.....

.................................. Up to 1000 yeers, 1o the sxient resson-

ably uduevable bt st least 200
yoars.

2. Radon emissions from disposal | 2 pCi/m *s; equivaient 1o sbout 88.6% | 20 pCi/m *s, or 0.5 pCi/1 In gl outside

sHie. soduction.

3. Water p o,

the disposal site; equivatent 10 Bbowt
B6% reduction,

Specific lmits for & number of toxic and UsqexisﬁngSlaleandFederﬂ stand-
redioactive conteminants in ground- ards;  spply she-specific measwes

whers nesded.

WM&

dangeved, " Of where costs Cleady

waler; nondegredation of surfece
watsr,
Cla of&aﬁdnm- : ~ ~
. a’l“ohdoormdcndecayptod&m Shafl not d 0.015 Wi Shali not exceed 0.03 WL o the extont
: - practicable, schieve 0.02 WL
2. Indoor ga 3 20 microf /i,
Cleanupolblnd’ . . 4
T E SUITBOR e rserrsssomsmserennesd, 5 POHG B 8y S om layer within one [ § pClfg In the 15 om swisce layer,
‘1 foot of mutece. .
2. Burled, 5 pCisg ln any 15 om layer bolow one | 18 pCl/g In ey 15 om layer below the
, fook, . ,Maoahyev
Exceptions:
1. Procedurs Sie-gpaci PHON PIOCBRIBS o.n.oe. Suppiomonwmm(maybe-ppﬁed
) C - . 0n generic OF site-specitic basis). :
2 App Al Whers health and safoly would be en | Same a3 proposed; ofteria alsg pro-

vided to evoid cleanup of smal
smounts of laibngs and inasccessible

It should be noted that these
standards in no way are intended to
establish precedents for other situations
or regulations’involving similar
environmental objectives, but with
different economic and/or technological .
circumstances. For example, our
forthcoming proposed standards for -
active uranium mills will be based on an
independent analysis of operating and -

_ future mills, which may resultin - =~

different standards. Similarly, our
remedial action standard for
contaminated buildings should not be
taken as an appropriate design goal for
indoor radon decay product
concentration in new housing, oras a

remedial action goal appropriate for all

circumstances, ,
11 Summary of Background Information

Beginning in the 1840's, the U.S.
Government purchased uranium for
defense purposes. As a result, large
quantities of tailings were created by
the uranium milling industry. These
tailings are a.sand-like material, and are
attractive for use in construction and
soil conditioning. Most of these mills are
now inactive, and the ultimate disposal
of their tailings has not yet taken place.
In addition, tailings have been dispersed
from the piles at most of the sites by
natural forces, or have been removed by
man for use-in or around buildings, or on
land. The Act provides for the cleanup
of these offsite tailings as well as for the
long-term control of the tailings piles.

- Congress designated twenty-two
inactive sites, and the Department of
Energy has added two more. The sites
are located in the West, predominantly

‘in arid areas, except for & single site at.

Canonsburg, Pa. Tailings piles at these
sites range in area from 5 to 150 acres
and in height from a few feet to as much
as 230 feet. The amount of tailings at
each site ranges from only residual -
contamination to 2.7 million tons. The
twenty-four designated sites combined
contain about 28 million tons of tailings
covering a total of about 1,000 acres.

The most important hazardous
constituent of uranium mill tailings is
radium, which is radicactive. We
estimate that these tailings contain a
total of about 15,000 curies of radium.
Radium, in addition to being hazardous
itself, produces radon, a radioactive gas
whose decay products can cause lung
cancer. The amount of radium in
tailings, and, therefore, the rate at which
radon is produced, will decay to about
10% of the current amount in several
hundred thousand years. Othér
potentially hazardous constituents of
tailings include arsenic, molybdenum,
selenium, uranium, and, usually in lesser
amounts, a variety of other toxic
substances. The concentrations of these
materials vary from pile to pile.

Radiation and toxic materials may
cause a variety of cancers, and other
diseases, as well as genetic damage and
teratogenic effects. Tailings are
hazardous to man because: (1) decay
products of radon may be inhaled and
increase the risk of lung cancer; {2)
individuals may be exposed to gamma
radiation from the radioactivity in
tailings; and (3) radioactive and toxic
materials from tailings may be ingested
with food or water. We believe the first
of these hazards {s clearly the most
important, v

“The radiation hazard from tailmgs
lasts for many hundreds of thousands of
years, and some nonradicactive toxic
chemicals persist indefinitely. The
hazard from uranium tailings therefore
must be viewed in.two ways. In
themselves, the tailings pose a present
hazard to human health. Beyond this
immediate, but generally limited, health
threat, the tailings are vulnerable to
human misuse and to dispersal by
natural forces for an essentially -
indefinite period. In the long run, this
threat of expanded, indefinite
contamination overshadows the present
dangers to public health. The
Congressional report accompanying the ~
Act expressed-the view that the
methods. used for remedial actions
should not be effective for only a short
period of time. It stated: “The committee
believes that uranium mill tailings
should be treated . . . in accordance
with the substantial hazard they will
present until long after existing
institutions can be expected to last in
their present forms,” and, that “The
Committee does not want to visit this
problem again with additional aid. The
remedial action must be done right the
first time.” (H.R. Rep. No. 1480, 95th
Cong., 2nd Sess., Pt. I, p. 17, and Pt. 11, p.
40 (1978).)

For the purpose of establishing
standards for the protection of health,
we assume a linear, nonthreshold dose-
effect reiatxonshlp as a reasonable basis
for estimating risks to the general public
from radiation. This means we assume
that any radiation dose poses some risk
and that the risk of low doses is directly
proportional to the risk that has been
demonstrated at higher doses. We
recognize that the data available
preclude neither a threshold for some
types of damage below which there are
no harmful effects, nor the possibility
that low doses of gamma radiation may
be less harmful to people than the linear
model implies. However, the ma;or
radiation hazard from tailings arises
from elpha radiation, and the National
Academy of Sciences’ Advisory

- Committee on the Biclogical Effects of

lomzmg Radiation {the BEIR Committee)
stated in their 1980 report that for *, . .
radiation, such as from internally
deposited alpha-emitting radionuclides,
the application of the lineaf hypothesis
is less likely to lead to overestimates of
risk, and may, in fact, lead to
underestimates.”

Our quantitative estimates of
radiation risk are based on our review
of epidemiological studies, conducted in
the United States and in other countries,
of underground miners of uranium and

. other metals who have been exposed to
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radon decay preducts, and onthree -
reports: The Effects on Populations of
Exposure to Low L.evels of onizing
Radiation (1972) end Health Effects of
Alpha Emitting Particles in the
Respiratory Tract{1876} by the BEIR
Committee, and the report of the United
Natione Scientific Committee on the
Effects of Atomic Rediation extitled
Sources and Effects of fanizing
fladiation {1977). Details of our risk
estimates are provided in dndoor
Radiation Exposure Due to Bodium-226
in Florida Phosphete Lands (EPA 526/4-
78-013} and in the FEIS.

Although the studies of enderground
miners show that there is a significant
risk of lung cancer from exposure to
cadon decay products, there i same
uncertainty about ite magnitude.
Exposures of miners are estimaied from
the time spent in each location in a mine
and the measured radon decay product
levels.at those locations. However,
radon decay product measurements
were infrequent and often nonexistent
for exposures of miners prior to the
1960's. The uncertainty increases wher
data for miners are used 1o estimate risk
to the general population because there
are differences in age, physiology.
exposure conditions, and sther factors
between the two populations. '
Nevertheless, we believe the
information availeble provides an  °
estimate of risk’which is probably
reliable within a Iactar of twe ar three,
and that this constitutes an adequate
basis for these standards.

It is not possible to réduce ¢he risk to
zero for people exposed to radiation or,
for that matter, to many other hazardous
materials. In order to decide on an
appropriate level of a small residual
risk, we evaluated the costs and benefits
of different levels of control. We also
considered technical difficulties '
associated with implementing différent
levels of control. ' '

The legisiative record shows that
Congress Intended that EPA set general
standards and not specify eny Fodlar
method of control. Therelore, our
analyses of control methods, costs,
risks, and other pertinent factors
emphasize the general characteristics of
uranium mifl talings and the designated
sites. The Act gives ofher agencies of the
Federal Government the responsibility
to decide how to safisfy these standards
at specific sites. They will fssue site-
specific Environmental impact
Statements or Environmental .
Asscssments, as appropriate, covering
such matters. .

“The $nformation upon which we based
these hesith and-environmental
standards for coutrol end deanup-of
tailings froménactivewranium e

processing sites & eumsnarized below.
Additional beckground érfformationend -
tmore complete presentations wre given

in eur notices of proposed rulemaking

{45 ¥R 27370, Aprl 22, 1660, sud 46 FR
2558, January 9, 1961 und in the FEIS.

A. The Risks from Talings

Urasium wiH tailings cen affect snan
through four principal environmental
pathways: :

o Diffusion of radon-222, the decay
product of radium-226, from toilings into
indoor air. Breething radon-222, en inert
gas, and 1ts short halfiife decay

» products, which sttach to tiny dust

partidles, exposes the lungs to =ipha
radiation {principatly from polonium-218
and polontum-234). The exposures
involved may be large for persons who
have taflings in or around their bouses,
or who Yve very tlose to taffings piles.
Addifionsl, but smaller, exposures to
alpha radinfion may resutt from long-
lived radon-222 decay products
{principally lead-210 and poloniam-210}).’
Exposure due to radon from teilings In
or around buildings is best estimated
from direct measurements of its decay
products in indoor air.

e Direct exposure to gamma
radiation. Many of the radioactive
decay products in ailings produce -
gamma radistion. The most important
are lead:214, bismuth-214, and thalbum-
210. Hazards Trom gamma radiafion are -
limited to persons in The immediate
vicinity of piles or temoved tailings.
Exposure due to gamma radiation from
tailings is readily estimated from direct
measurements. *
o Dispersal of smaH particles of
tailings material in the air. Wind
erosion of onstabilized sailings piles
creates airborne tailings material The
predominant dose is to the bones from .

. eating foods contaminated by thorium-

230, radium<226, -and lead-210, and s
small. Exposure due lo withomme -
transport of radon and.particulates from
a pile usually .canmot be dirscily »
measurad, butmay be estimsted using
meteorological tranapont snodels.

o Waterbome trausportaf
radicactive and.toxic maoterial
Dispersal of unstabilized tailings by
wind ot weder, or leaching, can camy
radioactive and other émdc metenials to .
surface or ground ‘water. Ooment levels
of contamination appear $e be low-or
nonexistent. However, some fong4erm
future contamination of surface and
ground wasder and conssquent intake by
man and animels is possible. Potential
exposures due to the transport of
waterbome cortaminasts are highly
site-specific and oan generally only be

“determined by a-careful survey program. =

The followlng discussion of risks
focuses fargely on current biologicel
effects; however, these current sffects
could be expanded by future misuse of
tailings by man and by uncontrolled .
effects of natural forces. Our standards
reflect consideration of both current and
future impacts of tailings..

1. Afr Pathways. We estimated the
hazards posed by radon emissions to air
from wranium miH teilings piles and
from teilings used in-and around houses.
For the first case we used
meteorological models and-considered
people in the neighborhood of the pile,
the population in the jocal région, and
the remainder of the national
population. For the second, we drew
largety upon experience from .
contaminated houses in Grand Junction,
Colorado. Four sources of exposure
were considered: inheled short-tived
radon decay products, gamma radiation,
the long-lived radon decay products,
and airbome tailings.

From our analysis we conclude:

(a) Lung cancer caused by the short-
lived decay products of radon is the
dominant radiation hazard from tailings.
Effects of gamma radiation, of long-lived

_ radon decay products, and of airborne

tailings from the piles are generally
much less significant, although high
gamma radiation doses may sometimes
occur. - . )

(b} 18dixiduals who have tailings in-ar
arcund their houses often have large
exposures to indoor radon and hence
high risks of lung cancer. For example,
in 50% of a sample of 180 houses with
tailings in Grand Junction, Colorado, we
estimate that the lifetime excess risk
due to exposure to.short-lived radon
decay products prior to remediation may
have been greater than 4 chances in 100.

{c} Individuals living near an
uncontrolled tailings pile are also
subjected 1o high risks from short-lived
radon decay products.. For example, we
estimate that people living continuously
next 4o some of the piles may have
lifetime excess lung-cancer risks as high
as-4 cheances in300. . .

{d) Based on models for the
cumulative risk o all exposed
populations, we estimate that, without
remedial action, the radon from 4ll the
inactive sites considered together-could
cause about 370 40 246 potential excess
lung cancer deaths per centary. Of
these, 55% to 80% ere projected to coour
among persens Hving less than 50 miles
from a pile.

There is & substantial uncertainty in
these estimates because-of uncertainties
in the rate of velease of radon from
tailings-piles, theexposure people will
receive from {ts decay products,and -

&
S ]
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from our lncomplete knowledge of the .
effects on people of these exposures. In«-+.
addition, our estimates are based upon:~
current sizes snd geographical '
distributions of populations. If
populations increase'in the future, the
estimated impact would be larger,

We concluded that & primary
objective of standards for cleanup of
tailings should be to remove or reduce
existing and potential risks due to radon
decay products indoors. Such risks from
indoor radon decay products arise in
two ways—in existing buildings where
tailings were used in construction and
cause elevated levels, and from land
contaminated sufficiently to cause
elevated levels in new construction. A
secondary objective should be to reduce
high exposures to gamma radiation due -
to tailings in buildings or on land away
from the tailings piles.

We concluded that a primary
objective of standards for control of
tailings should be isolation and
stabilization to prevent their misuse by
man and dlspersal by natural forces,
such as wind, rain, and flood waters. A
second ob;echve should be to reduce __
radon emissions from tailings piles. A
third objective should be the elimination
of significant exposure to gamma
radiation from tailings piles. -

2. Water Pathways. Although water
contamination does not now appear to )
- be = significant source of immediate:™”
radiation exposure at the piles, both
radionuclides and nonradioactive toxic
substances, such as arsenic,
molybdenum, and selenium, could be
leached or otherwise removed from
tailings and contaminate water -
resources. If this occurred, it could then
affect crops, animals, and people. Such
contamination could, in principle, be
caused by either past or future releases
from the tailings. Tailings piles at
inactive sites have already lost most of
the water deposited in them during mill
operations through evaporation and
'seepage. However, elevated -
concentrations of radioactive or toxic
substances in ground water have been
observed at only a few of the designated
sites {four are identified in the FEIS),
and in some standing water ponds {but
not in running water). Any future water
contamination would arise from the
effects of rain or through flooding of &
pile, from penetration of a pile from
below by ground water, or-from leaching -
of tailings transported off a pile.

A theoretical analysis performed for
the Nuclear Regulatory Commission
{NRC] of a larger model pile showed .
that contamination of ground water by -.
selenium, sulfate, menganese; and iron
might exceed current drinking water
standards over.an area % kilometers -

" water contamination resulted from -

--wide and 8 to 30 kilometers long. L
.. alternative supplies, and the. degree {0...- .

However, more than 95% of this
projected contamination was--
attributable to initial seepage of process :
water discharged fo the pile during mill
operations. The movement of
contaminants through a pile and subsoil
to ground water depends on a
combination of complex chemical and
physical properties, as well as on local
precipitation and evaporation rates.
Chemical and physical processes can
effectively remaove or retard the flow.of .
many toxic substances passing through
subsoil. However, some contaminants
such as ersenic, molybdenum, and
selenium, can occur in forms that afe not
removed. Typically, ground water can
move as slowly as a few feet per year,
and only in coarse or cracked materials
does the speed exceed one mile per

year. For these reasons, contaminants
from tailings may not affect the quality

of nearby water supply wells for

decades or longer after they are

released. However, once contaminated,
the quality of water supplies cannot
usually be easily restored simply by
eliminating the source {although, in

some cases removing or isolating the

‘tailings may contribute to improving

water quality}).

Based on results from the NRC genenc
model for mill tailings piles, it is likely"
that the few observed cases of ground

seepage of the original liquid waste
discharges from the mill. Additional
future contamination of ground water
should be much smaller, and in most
cases would be expected to be
minimized by measures required to
control misuse of tailings by man-and
dispersal by wind, rain, and flood
waters. These measures should also
effectively eliminate the threat of
contamination of surface water by
runoff or from Jeaching of tailings
transported off piles, and provide
reasonable protection of surface and
ground water from contamination by
flooding. However, at & few specific
sites, especially in areas of high rainfall
or where ground water tables intersect
the piles, special consideration of
possible future contamination of 3round
water may be needed.

Though a few sites appear to have
some existing contamination due to the
presence of tailings, we believe it will
usually not be feasible or practical to
remove the contaminants from subsoil
or ground water. Whether or not it is -
feasible or practical to restore an
aquifer and to what degree will depend-
on site-specific factors, such as the
ability to restore the aquifer in its. .
hydrogeologic setting, the cost,. the BN

. present and future value of the‘aquifer -

¢ identifying the likelihood of- -

as & water rescurce, the availability of

which human exposure is lxkely to ..
ocoun, -~

We concluded that potentxal
contamination of surface and ground
water at-the inactive sites must be .
considered on a site:specific basis. The
remedial program should provide for
adequate hydrological and geochemical
surveys of each site as a basis for
determining whether specific water.
protection or cleanup measures should
be applied. In many cases, the control
measures neéeded for other purposes
should reduce any potential for
contamination.

In addition to the available
information upon which we based our
conclusion, hydrological and
geochemical studies are presenily bemg
conducted or planned at a number of
sites. The purpose of these studies is to
gather additional information so as to
more fully assess any actual or poten!:a!
ground water contamination and to .
better understand the mechanism of
contaminant movement. The studies will
identify the extent and character of
contaminants remainingin the piles, as
well as the direction, rate of movement
and degree of attenuation of any
contaminants already released. In
particular, atternition is being given to

contaminants reachmg an’ actua or
potential water supply source, We are
currertly reviewing current studies and
will review future studies assessing the
site-speclfic factors related to potential
ground water contamination.

As stated previously in this Section I,
site-specific Environmental
Assessments (EAs) or Environmental
Impact Analyses (E1As) will be prepared
for each site. We will review the
information generated as part of those.
The EAs or EIAs would gather data on s
site-specific basis which would either
characterize the site completely or
confirm the use of general models in
determining potential mechanisms for
impact or lack of impact on ground
water.

We believe that it is unportan( to
conclude these studies as quickly as
possible. These studies will provide a
more complete data and analytical base
to allow us to reevaluate the decision
not to set ground water protection
standards. Information to be obtained as
& part of the studies will include the
response of the tailings and interstitial

- fluids to water table and precipitation

stimuli; distribution of radionuclides and
other contaminants within the tailings
pile; identification of mobile

" constituents within the tailings and
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ground water system; and analyses of -
the mechanisms for the release and
transport of the contaminants both to
the surface and downward to ground
water. . B

To date, the results of more recent
studies than those we described in our
FEIS strongly support our decision not to
issue general numerical water protectfon
standards. We intend to continue to
review additional Information as it
becomes available, and will reconsider
our decision if the need to do so
becomes apparent.

8. Cleanup ond Control of Tailings

1. Control of Tailings Piles. The
objectives of tailings control and
stabilization efforts are to prevent their
misuse by man, to reduce radon
emissions (and gamma radiation
exposure), and to avoid the
contamination of land and water by
preventing erosion by natural processes.
The longevity {i.e., long-term integrity}
of control is particularly important. This
is affected by the potential for
disruption by man; by the probability of
occurrence of such natural phenomena
as earthquakes, floods, windstorms, and
glaciers; and by chemical and
mechanical processes in the piles.
Prediction of the long-term integrity of
control methods becomes less certain as
the period of concern increases. Beyond
several thousand years, long-term "~ '
geological processes and climatic™ +
change become the dominant factors. °

-‘Methods to prevent misuse by man -
and disruption by natural phendmena
may be divided into those whose * -
integrity depends upon man and his
institutions (“active” contrdls) and those
that do not {“passive” controls).
Examples of active controls are fences,
warning signs, restrictions-on land use;
and inspection and repair of semi+ -
permanent tailings covers, temporary
dikes, and drainage courses. Examples
of passive controls are thick earthen -
covers, rock covers, massive earth and
rock dikes; burial below grade, and " - -
moving piles out of locations highly .
subject to erosion, such as unstable river
banks. ST =

Erosion of tailings by wind, rain, and -

flooding can be inhibited by contouring
the pile and its cover, by stabilizing the

surface {with rock, for example} to make-

it resistant to erosion, and by
constructing dikes. If necessary, erosion
can be inhibited by burying tailings ina -
_ shallow pit or moving them away from a
particularly flood-prone or otherwise
geologically unstable site.

Methods to control release of radon
range from applying a simple barrier
{such as an-earthen cover] to such
ambitiops treatments as embedding

N

cover the probable ‘extreme values of -

tallings in cement of processing them ta
" remove radium, the precursor of radon.

Covering tallings with a permeable
{porous) barrier, such as earth, delays
radon diffusion so that most of it decavs
and is effectively retained in the cover.
In addition to simple earthen covers,
other less permeable materials such as
asphalt, clay, or soll cement; usually in
combination with earthen covers, may
be used. The more permeable the
covering material, the thicker it must be
to achieve a given reduction in radon
release. However, maintalning the
{ntegrity of very thin impermeable
covers, such as plastic sheets, even over
a period as short as several decades ls
unlikely given the chemical and pbysical
siresses present at piles.

The most likely constituents of covers
for use to control tailings are locally
available earthen materials. The
effectiveness of an earthen cover as a
barrier to radon depends most strongly
on its molsture content. Typical clay
soils in the uranium milling regions of
the west exhibit ambient moisture
contents of 8% to 12%. For nonclay solls
ambient moisture contents range from
8% to 10%. The following table provides,
as an example, the cover thicknesses
that would be required to reduce the
radon emission to 20 pCl/m*s for the
above ranges of soil moisture. Three
examples of tailings are shown that

radon emission from bare tailings at the -
designated sites (100 to 1000 pCi/m?®s);

‘the most common value is probably

somewhat less than 500 pCi/m %s.

ESTIMATED COVER THICKNESS (METERS) fo

AcHieve 20 pQI/uts
Radon L ‘!mm Percent moksture Contert of Cover
© teiings pQmts | g s | w 12
L7 S 1.7 13 1.0 0.7
71 W B ¥ | 28 20 5
LY+ J SN R X | 32 24 .8

These values are for simple _
homogeneous covers. In practice, multd-
layer covers using clay nextto the
tailings can be used to significantly
reduce the total thickness required.

Methods that control radon emissions
will also prevent transport of
particulates from the tailings pile to air
or to surface water.® Similarily,
permeable covers sufficiently thick for
effective radon control will also absorb
gamma radiation effectively (although
thin impermeable covers will not}.

3 However, recent studies suggest the possibility
that some chemical processes in tailings piles could
carry dissolved contaminants upward, perhaps even
through earthen-coverings. Control system designers
must carefully consider this possibility, . - : B

Control of possible contamination of
ground water is difficult. In the few
cases where this {s a potentially
significant problem, clay liners and/for
clay caps may provide & good degree of
protection for at least many decades.
However, more permanent protection
may require removal to a site with more
favorable hydrological geochemical, or
meteorological characteristics.

Very effective long-term inhibition of
misuse by man, as well as of releases to
air and surface water, could be achieved
by burying tailings in deep mined
cavitles. In this case, however, direct
contact with ground water would be
difficult to avold. The potential hazards
of tailings could also be'reduced by
chemically processing them to remove
contaminants. Such processes have
limited efficiencies, however, so the
residual tailings would still require
control. Purthermore, the extracted
substances (e.g., radium and thorium)
would be concentrated, and would
require further control.

‘We analyzed the costs of a number of
possible control methods. The total cost
is affected most strongly by the type of
material used to stabilize the surface
against erosion and inhibit misuse by
man, by the water protection features
required, and by the number of piles that
must be moved to new sites. In general, -
costs of covers using man-made

' materials {e.g. asphalt) are somewhat .

higher than costs for earthern covers.
Active control measires are usually less
costly In the short term than are passive
measures. The costs for burial of tailings
piles or for using chemical processing to
extract radium {and perhaps other
substances) are much higher than those
for disposal using covers. We find that,
given a decision to carry out any .
significant stabilization, the total cost of
control using earthen covers does not
depend strongly on the degree of
reduction of radon émissions, for
reductions by up to about a factor of 50
{the maximum that would probably be
required at any site under these
standards). . .. -

- 2. Cleanup of Tailings. The objective
of cleanup of tailings from buildings is to
reduce elevated indoor levels of radon
decay products and gamma radiation.
The objective of cleanup of tailings from
land is to remove the potential for -
elevated levels of radon decay products
in future buildings, and exposure of
people to gamma radiation. ’

A variety of methods for cleanup of
buildings are available. The most -
commonly used. and the most reliable
and permanent measure, is to dig out the
tailings and return them to the pile. This
is sometimes relatively easy, suchas -
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removing tailings from outside footings, *
but may be very difficult, es in removing
zailings from under a concrete slab floor-
in & finishéd room. Other methods
include air filtration, improved
ventilation, and the use of sealants to
keep out radon.

Windblown tailings on lands around a
tailings pile are usually removed by
scraping off the top few inches of earth
with earth-moving equipment and
adding it to the pile. Land cleaned up in
this way is relatively easily restored to
close to background levels of
radicactivity because windblown
tailings are usually on the surface and
easy to remove. Generally the cost is-
determined by the amount of land *
scraped, and not by the depth of -
scraping required. Alternatively; the -
land could be removed from productive
use, access restricted, and the tailings
fixed on the site by deep plowing.

When tailings have been removed
from piles and misused in other ways,
such as for soil conditioners in gardens
and yards or as fill under detached
buildings, the usual cleanup measure is
to dig up the tadmgs and retum them o
the pile. : =

111, Resolution of Major Issues Ra:sed in
Public Commenta :

A. The Bas:s for ibek Standards

- 1, Health' Risk Modéls; Some™s 4 =1+
commenters considered that the models
we used to estimate risks from breathing’
radon decay products underestimate the
risk. More, however, argued that the
models overestimate the risk. Some of
these comments argued that the use of
data on exposure of underground miners
was not valid for estimatirig risks to the
‘general public and suggested that we
should use a lower risk estimate
recently published as a contributed
article in Nature (290.98, 1981).

We have reviewed the evidence
presented and conclude that it does not
support changing the risk models we
have used. We agree that some evidence
exists that risks may be either higher or
lower than those we use, but, when all -
the available information is carefully
considered, this evidence is not -
compelling. It is also true that the use of
data on underground miners to predict
risks to the geners! public is less than
ideal; however, we have corrected for.
the most obvious difference {breathing -
rate) and do not believe this substantial
body of evidence can be ignored.
Finally, the estimates published in the
article in Nature are not convincing. The
upper limit of lung cancer risk given by
these authors is apparently based on
assuming that the total period'of risk
following exposure ls on}y 15 yeam

However, the evidence from the
Japanese A-bomb survivor data, the
only large body of data for & general
population, leads to use of & lifetime
period of risk following exposure. Qur
detailed responses to these comments
are presented in the FEIS.

2. Cost Estimates. Commenters
suggested that our estimates of the costs
to implement the standards were low
{(by a factor of two or more} and that we
had not included costs for engineering,
field supervision, contingencies, or for
reclamation of borrow pits from which -
cover material was obtained.

Many of these comments are correct.
QOur estimates in the DEIS wete
expressed in 1978 dollars. Costs of some
construction activities have increased
substantially between 1978 and 1982, .
We have revised our cost estimates to
reflect these changes, and have alse
included previously omitted costs for
engineering, field supervision,
contingencies, and reclamation of
borrow pits. We have analyzed specific
estimates of the cost of meeting the
proposed standards and find that our
revised estimates are Jower than those
of the DOE, but in substantial agreement
with those provided by industry and
NRC. Our cost estimates are reported in
detail in the FEIS. .

3. Cost-Benefzt Analyszs Commenters
expressed the view that the cost of .
implementing the proposed standards.,. .,
will be high compared to the benefits, -
that we failed to carry out a cost-benefit
analysis for these standards, or that we
did not adequately consider alternatives
to the standards proposed.

It is not possible to carry out a formal
quantitative cost-benefit analysis for
these standards. Many of the hazards
reduced {or avoided) through their
application {or through application of
alternative standards) can neither be -
evaluated quantitatively nor restated in
terms of a common index of value. The
major hazard, the extent of possible
future misuse of tailings by man, is
almost impossible to quantify. A further
complication Is that the benefits of
successful control accrue over a very
long period of time, whereas the costs
occur now. We can only roughly
estimate how long control will last and
how many cases of lung cancer might be
avoided over the full term of effective
control. )

Instead of a quantitative cost-benefit
anlaysis, we have cited examples of the
impact of misuse and dispersal by wind
and water in the FEIS, and have
estimated the impact of radon emissions
from unstabilized piles. We have then
estimated the extent to which these
impacts might be avoided over the long
term under realistic altemaﬁve )

_ standards, end made judgments sbout

which alternatives offer the most cost-
effective reduction of these impacts. The
final standards are based on the results
of such an analysis of alternatives,
including & detailed consideration of
their costs. This information is
presented in Chapters 8 and 7 of the
FEIS. Based on these analyses, we have
made a number of changes {described in
Sections B and C, below) to make the
standards more cost- effecnve and easier
to implement.

One notable conclusxon from our
analysis is that providing tailings piles
with thick, durable covers costs
surprisingly little more than applying
minimal covers that will require
maintenance and last a much shorter
time. This conclusion follows from the
large start-up expendxtures related to -
managing the remedial program and
undertaking any significant level of
remedial work at mill sites. Thick covers
offer greatly increased benelits from
inhibiting misuse, controlling radon

. emissions, and increased longevity of

the covers’ effectiveness. For example,
we estimate that the final control
standard provides about ten times
greater overall benefits than the lowest
cost alternative standard, for only about
25 percent greater cost.. Thgrefore. given
that tailings piles will be stabilized -
under any.of the,alternatives we:
considered, we find it cost-effecuve to
stabilize them well. This observation
strongly influenced our choice of a
radon release standard, as discussed in
Section lILB.2, below,

Cost and benefit estimates for the
alternative standards we considered are
reported in detail in the FEIS; we briefly
summarize here only our estimates for
the final standards we selected.

Costs: We estimate the remedial
action costs for mill sites and for off-site
cleanup will be 158 and 38 million {1981}
dollars, respectively. DOE has estimated
its program development and -
management {"overhead”) costs as 118
million {1981} dollars. These estimated
total expenditures of 314 million (1961)
dollars will occur over a penod of seven
years or more.

Benefits: We estimate benefits under
the assumption, when appropriate, that
tailings pile control systems will be
partially effective longer than the
standard requires. Control systems are
required to be effective for as long as
reasonably achievable up to 1000 years.
but for not less than 200 years. Under
this standard most of the 24 tailings pile
will be stable against erosion and casual
intrusion for misuse for much longer

than 1000 years. Those few piles that are
susceptible to flood damage will be
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protected for at least 200 years, and
might not suffer real damage for much
longer. During the period of full control,
the maximum risk for individuals living
very near a tailings pile from exposure
to its radon emissions will be reduced
by about 87%, from about 3 chances in
100 to about 1 chance in 1000. An
estimated 200 potential premature
deaths per century will be avoided
initially, for a total of many thousands
over the life of the cover. The potential
for or existence of water contamination
from tailings piles will be evaluated and
any prolective or remedial actions that
the implementing agencies determine
are warranted will be taken. We further
estimate that about 60 premature deaths
will be avoided by cleaning up
contaminated buildings. An
undeterminable additional number of
deaths and the institutional burden of
applying land-use controls may be
avoided by cleaning up 1900 acres of
land containing windblown tailings and
about 3200-6500 additional locations
where tailings have been brought for
inappropriate uses.

4. Scope of the Standards and the EIS.
Commenters expressed the view that
some important impacts of mill tailings
were not adequately considered in the
DEIS and that-we had not considered a!l
of the available'pertiient data. They -

cited inadeqtiate consideration of {a) the ‘

health impacts of toxic elements, (b} =
radiation doses to man from the food
pathway, and (c) the effects of
radionuclides and toxic elements on
plants and animals.

We have reviewed the available data
on toxic elements in tailings and |
improved the FEIS in this respect

{Appendix C). We have concluded that

it is reasonable to expect that hazards
from toxic elements will be adequately
limited if control and cleanup are
carried out according to these final
standards. We have alsoreviewed the
radiation doses fmm ingestion of food
and confirmed our earlier conclusion
that the risks from this pathway are
small. We have not specnfica!ly required
‘measures to protect animals and plams
from the hazards of radioactivity, since
we have concluded that the impacts are
small. RN

Some comments expressed the view
that the proposed standards were too
narrow in scope to adequately protect
public health. For example, it was
proposed that the standards should
include: Limits for radionuclide
concentrations in air particulates and in
vegetation; Jimits for toxic elements in
soll; gujdance for the interim period
prior o remedxal ‘actions; and radiation

protection criteria for workere who .
perform remedial actions.

We have considered these comments
and belleve that n6 changes are needed.
if control and cleanup are carried out
according to these final standards, the
health impact from radionuclides in air
and from food pathways, and from toxic
elements in soil, which are already low,
would be further mitigated. Workers are
already protected under existing Federal
Guidance for occupational radiation
exposures. Finally, the impacts that will
occur prior to completion of remedial
actions are sufficiently small that we do
not believe special interim standards are
justified.

B. The Standards for Control of Tailings
Piles

1. Longevity of the Control. Some
commenters expressed the view that the
proposed requirement that stabilization
and control last for at least 1000 years is
unreasonable because events cannot be
predicted over this period of time with
sufficient certainty. They recommended
a period of no more than 100 to 200
years, and that active institutional care.
such as access control and periodic
maintenance, be permitted. Other
commenters recommended that the
longevity required should be greater
than 1000 years, and expressed the view

that a- requxrement for longevity 91’ upto

RIRCRA T

10,000 years is practical.
We consider the single most important
goal of control to be effective isolation
and stabilization of tailings for as long a
period of time as is reasonably feasible,
because tailings will remain hazardous:

for hundreds of thousands of years. The

longevity of tailings control is governed
chiefly by the possibilty of intrusion by

‘man-and erosion by natural forces.

Reasonable assurance of avoiding
casual intrusion by man can be provided
through the use of relatively thick and/
or difficult-to-penetrate covers (such as
soil, rock, or soil-cement). No standard
can guarantee absolute protection -
against the purposeful works of man,
and these standards do not require such
protection. Protection against natural
forces requires consideration of wind
and surface water erosion, and of the
possibility of flood damage. Wind and
surface water erosion are relatively
well-understood and predictable, and
are easily Inhibited through the use of
rock or, in some cases, vegetative
surface stabilization. Similarly, a body
of scientific and engineering knowledge
exists to.predict the frequency and
magnitude of floods for periods of many
hundreds of years, and to provide the

-engineering controls to protect against

such floods (including the possibility. of
moving a pile if this is more - -

+

economical]. We considered longevity -
requirements ranging from 100 to 10,000
years and have concluded that exisling
knowledge permits the design of control
systems for these tailings that have a
good expectation of lasting at least for
periods of 1000 years. We recognize that

it may not always be practical, however,

to project such performance with & high
degree of certainty, because of limited
engineering experience with such long
time periods. .

We know no historical examples of
societies successfully maintaining active
cate of decentralized materials through
public institutions for periods extending
to many hundreds or thousands of years.
We have concluded that primary
reliance on passive measures is
preferable, since their long-term
performance can be projected with more
assurance than that of measures which
rely on institutions and continued
expenditures for active maintenance.

Section 104 of the Act requires the
Federal Covernment to acquire and
retain control of these tailings disposal
sites under licenses issued by the

Nuclear Regulatory Commission (NRC). *

The NRC is authorized to require - \
performance of any maintenance,
monitoring, and emergency measures-
that are needed to protect public health
and safety. As long as the Federal

Governmernit exércises its ownership. «* .

rights and other authorities regarding
these sites, they should not be
systematically exploited by people or
severely degraded by natural forces.
We believe that these institutional .
provisions are essential to support any
project whose objectives is as long term
as are these disposal operations, and for

~ which we have as little experience. This

does not mean that we believe primary
reliance should be placed on
institutional controls; rather, that
institutional oversight is an essential
backup to passive control. We note, in
this regard, that the remedial actions
required by these standards would not
make it safe to build habitable .
structures on the disposal. sites. Federal
ownership of the sites {s-assumed to
preclude such inappropriate uses. '
In the final standards we have
modified the requirement for longevity
of control so as to assure that it is-
practical for agencies to certify that the
standards are implemented in all cases.
We recognize that this is a remedial
action program, that these sites were not
chosen with long-term disposal in mind,
and that our ability to predict the
longevity of engineered designs is not -
always adequate to the task at hand.

- The proposed standard required a . -

longevity of control of atleast 1000

5

.
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years. The final standsrd requires that
control measures be carried out ina .
manner that provides reasonable -
assurance that they will last, {o the
exient reasonably achievable, up to 1000
years and, In any case, for a8 minimum of
200 years. The widely varying
characteristics of the inactive sites, the
uncertainties involved in projecting
performance of control measures over
long periods of time, and the large costs
involved in moving some tailings piles to
provide & very high degree of assurance
of longevity make this change
appropriate: (We estimate up to 50
million dollars might be unnecessarily
spent to move piles under the proposed:
requirement for a longevity of at least
- 1000 years.} The change does not signify

that there are circumstances under
which the term of protection
contemplated by the proposed
standards is not appropriate. The
change merely acknowledges that
implementing agencies may in some
cases have difficulty certifying that
control measures that are appropriate
can reasonably be expected to endure
without degradation for 1000 years.
Man’'s ability to predict the future is
notoriously limited. That fact, which on
the one hand warrants our making
responsible societal efforts to limit risk
to future generations, also warrants cur
refraining from actions undertaken: - -
merely in the name of necessarily
artificial levels of statistical certainty.

We selected this period of period of "
performance because we believe there is
& reasonable expectation that readily
achievable controls will remain effective
for at least this period. However, we
recognize that uncertainties increase
significantly beyond a thousand years,
and we conclude it would be _
unreasonable to require that assurance
be provided that the controls will be.
effective for periods of up to 10,000
years. . v

2. The Radon Release Limit. Some
commenters expressed the view that the
proposed radon emission standard of 2
pCi/m? from the surface of a tailings
pile was either unreasonably low or
unnecessary. Others suggested that
proper consideration of costs and
benefits would lead to a higher
standard, In the range of 40-100
pCi/m%. Some urged that the standards
for radon be expressed as a limit on
ambient air-concentration at the site
boundary, rather than as an emission
limit. Others were concerned that the
proposed level could not be reliably
implemented, since it is close to
background levels. Finally, many argued
that radon emitted from tallings piles . -

%

does not.constitute a significant health ..

hazard because it cannot be -
distinguished from background radon
levels a short distance from a tailings
pile (i.e. %~¥ mile), and that, therefore,
there is no need for a radon emission
standard, .

We believe that limlting radon
emissions from tallings piles serves
several necessary functions: reducing
the risk to nearby individuals and
individuals at greater distances; snd
furthering the goals of reliable fong-term
deterrence of misuse of tailings by man
and control of erosion of piles by natural
processes. The degree of reduction of -
radon emissions achieved by a disposal
system is more or less directly related to
the degree of abatement of each of these
hazards. -

Our analysis predicts significant risk
to people living next to tailings piles,
and field measurements confirm
elevated levels of radon in air close to
the piles. If radon emissions are not
reduced, we estimate that individuals
residing permanently near some of the
piles could incur as much as three to
four chances in a hundred of a fatal lung
canter in addition to normal
expectations. The fact that increases in
radon levels due to the piles cannot be
distinguished relative to background
levels further away from a pile does not

- mean that radon is not present or that - .

there is no Increased risk from this

- radon—it merely means that

measurements are not capable of
unambiguously detecting such levels.
Limiting radon release, therefore, not
only benefits the nearby individual, but
also reduces the adverse effects of
radon well beyond the immediate
vicinity of the site.

. Radon emission was selected as the

* preferred quantity to be specified by the

standerd because, unlike ambient air
concentration at the site boundary, it is
directly related to the degree of radon
control achieved. A site boundary
standard would not necesaarily require
any control of radon emissions (since
the boundary might Be moved arbitrarily
far from the pile), and, in any case,
compliance would depend on
indefinitely excluding public access
across the boundary, '
We have concluded that a limit on a
tadon emission is the most direct and
appropriate means for furthering the
Congressional objective of adequate and
reliable long-term control of tailings.
Such a limit assures a sufficient earthen
cover (or its equivalent) to provide an
acceptable degree of stabilization and
isolation of the tailings over & long
period of time. Congress did not intend_
that EPA set standards for one - - - .

generation only, or that it se! standards - -

* without consideration of the long-term

reliabllity of whatever mesns are -« -
available for implementing them.
(Similarly, Congress anticipated that
short-term fnstitutional controls would
not provide the primary basis for
protection.] Although the implementing
agencies will decide which specific
controls to employ, this does not
preclude our considering, in accordance
with Congress' directive, the effect of &
particular choice of & numerical limit on
the maintenance of future control,
Therefore, in selecting the value for
radon emissions, an important
consideration was that the standard
promote the objectives of adequate
isolation and stabilization to control
bath intrusion by man and erosion by
natural forces. : :

We have reevaluated the costs and
benefits of alternative standards and
have revised the radon emission
standard to 20 pCi/m3%, in part because
we concluded that the incremental
benefits of the proposed standards are
not justified by the increased costs, and
in part because recent results of tests of
covers indicate that a 2 pCi/m%
standard may be more difficult to ,
achieve than we originally believed. The
specific alternatives we analyzed are
described in detail in the FEIS. They
ranged from controlling emissions 1o 2

pCi/m? 1o providing only's minimal

cover that we estimate would, on the

. average, reduce total radon emissions

by half {to final values ranging from 40

. pCi/m? to 500 pCi/m%, depending upon

the site.) Estimated disposal costs for
these options {excluding DOE overhead
and the cost of moving piles) range from
50 to 195 million dollars. The costs for
the revised standard of 20 pCi/m?% were
estimated as 95 million dollars: this is
approximately 45 million dollars less
than for the proposed standard.

We have concluded that this revised
standard will provide excellent
protection of public health, safety, and
the environment. Control measures
designed to meet this standard will
prevent misuse and protect piles from
erosion by providing adequate Isolation
of tailings. The standard provides more
than 96% of the reduction of the
potential for lung cancer from radon
emissions provided by the proposed
standard. Under the revised emission
limit, the excess risk to the most
exposed individual would be reduced to
a few chances in a.thousand. In
addition, it provides this protection at a
substantial cost reduction tompared to
the originally proposed standard
{including the modification of the
longevity requirement, the combined
saving Is approximately 95 million

MSD 000542



Federal Register /| Vol. 48, No. 3 / Wednesday, January 5, 1983 [ Rules and Regulations

. 599

dollars). The revised emission limit
should also be high enough to remove
any concern associated with confusing .
radon from tailings with radon emitted
from normal soils- {typically up to1
pCi/m), and can be readily achieved
through the use of & wider variety of
earthen materials then the proposed . .
standards. o

We conclude from our enalysis that a
higher emission standard, such as 100
pCi/m’, would not achieve the above
objectives to an acceptable degree. It
would result in a five times greater risk
to individuals living near a tailings pile
and a similar increase in the impact
from radon emissions on local, regional,
and national populations {to 20% of the
total risk from uncontrolled.piles). The
control measures required to meet such
& less restrictive stendard would

- provide significantly less isolation
against intrusion and protection against
erosion. The further cost reduction
compared to the final standard would be
relatively small (approximately 20
million dollars). .

The Department of Energy, in the
course of the consultations that Section
206 of the Act requires before we
promulgate final standards, expressed
its strong preference for an ambient air
concentration standard rather than an
emission standard. Therefore,
calculations described in the FEIS, we
determined an alternative standacd
expressed as a radon concéntration al

- the edge of the tailings that we believe
would require basically the same level
of control as the 20 pCi/m 3% emission
standard. Applying a concentration
standard at the edge of the tailings
resolves our concerns about applying it
at a site boundary. A limit applied at a
site boundary would permit varying
effectiveness of cover, depending on the
choice of location of the boundary, and
compliance would depend on indefinite
maintenance of the boundary. However,
a radon concentration standard at any
position that is defined in terms of its
relation to the tailings has a fixed
relationship to radon releases and
compliance does not depend on
institutional maintenance of a fence.
Calculations can be used to estimate
the values of the annual average radon
concentrations at various distances from
tailings piles with a given emission rate.

Considering the uncertainties in such

calculations, we are confident that
designing control systems 16 keep the
maximum annual average radon
concentration at the edges of the tailings
below 0.5 pCif1 will provide
approximately the same overall health
protection as designing them for an
average emission rate of 20 pCi/m%.

Under either form.of the radon limit the
radon concentration due to & pile will be
well below the background level at any
residence near the disposal site. The
final standard contains both forms of
radon limit, as approximately equivalent
elternatives. :

3. Avoiding Contamination of Water,
Commenters expressed concern that the
proposed requirements foe protection of
water are unnecessarily restrictive, are
impractical or too costly te implement,
or incorporate numerical values that had
not been adequately justified. Some
argued that water protection should be
handled on a site-specific basis, that
general standards were not necessary,
and that weter quality standards were
not an appropriate basis for these
regulations. Other comments expressed
the opposite view that the proposed
standards did not provide sufficient
protection, that already degraded
ground water should be cleaned up, or
that numerical values should be
included for additional toxic elements.

We have carelully reviewed available
data on contamination of ground water
at the designated sites. Studies of these

“sites are not yel conclusive, but they

provide little evidence of recent
movement of contaminants into ground
water, and there is some evidence that
the geochemical sefting may inhibit
contaminants from entering usable -

groutd water at two sites where there -

might otherwise be a problem {Salt-Lake
City and Canonsburg). The proposed
standards might be difficult to _
implement at certain sites because our,
ability to perform definitive hydrological
assessments is limited. That is, they
could lead to decisions to use very
expensive control methods, such as
moving piles 1o new sites and installing
liners, even though no substantial threat
to ground water is demonstrated. We
also believe that minor degradation of
ground waler may be acceptable, such
as for water of already inadequate
quality for existing or probable uses, or
for very small aquifers. .

Finally, we agree that there is
uncertainty associated with the
appropriateness of both the toxic
elements selected and the numerical
values specified in the proposed
standards, which were drawn mainly
from existing national water quality
standards for surface water and public
drinking water supplies. .

In summary, although a few sites
appear to have some existing ground
water contamination, probably due to
dewatering of process liquids from the
tailings, we believe there is a low - . .

probability of additional contamination

at most of the sites. The remedial

program shouyld provide for adequate
hydrological and geochemical surveys of
each site as & basis for determining
whether specific water protection or
cleanup measures should be applied..
Whether or not it is feasible or practical
to restore an aquifer and to what degree
will depend on site-specific factors,
including the aquifer's hydrogeologic
setting, the cost, the present and future
value of the aquifer as a water resource,
the availability of alternative supplies,
and the degree to which human
exposure is likely to occur,

We do not believe that the existing
evidence indicates that ground water
contamination from inactive mill tailings
ia or will be & matter of regulatory
concern. We have decided, therefore,
not to establish general substantive
standards on this subject. Should
evidence be found that shows that this
judgment is in error, we will consider
the need for further rulemaking -
procedures. . ’

4 possible alternative to the above
course of action is for us to establish a
general regulatory mechanism for others
lo use in deciding, on a site-specific
basis, whether a grounid water problem
exists and, if so, what remedial action is’
appropriate. Such a nonsubstantive, or
procedural, mechanism would resemble
that established by. our regulations .
implementing the Solid Waste Disposal
Act, as amended (47 FR 32274, July 26, )
1982}. In this connection, the Uranium
Mill Tailings Radiation Control Act
reflects the desire of Congress (in
Section 208} that EPA’s standards be
consistent, to the maximum extent
practicable, with the Solid Waste
Disposal Act. It also reqitires NRC to .
concur in DOE’s remedial actions at
each ‘site (in Section 108) and to issue
licenses for these sites (in Section 104)
that may encompass any . . .

_monitoring, maintenance, or emergency

measures necessary to protect public
health dnd safety.” These functions are
consistent with those embodied in EPA’s
above-referenced regulations. We have
decided not to adopt this alternative,
because we believe that the devising of
any necessary such mechanisms for
application under this Act can more
appropriately be left to the NRC and
DOE. .

If any existing contamination or
potential for future ground water
contamination is present we have
provided, therefore, in the
implementation section of these
standards, that judgments on the
possible need for monitoring or remedial
actions should be guided by relevant
considerations described in EPA's
hazardous waste management system,"
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and by relevapt State and Federal -
Water Quality Criteria for existing and
anticipated uses of the aquifer. - ~
Decisions to undertake remediation
should conslder the costs and benefits of
possible remedial and control measures,
including the extent and usefulness of
the aquifer. We have also concluded
that the same approach is appropriate to
surface water, which should be
adequately protected in any case by any
control measures meeting the standards
for longevity and radon emission.

C. The Standards for Cleanup of
Tailings o

. 1. Radium-226 in Soil. Comments
about the cleanup standard for radium-
228 In soil dealt primarily with the
proposed numerical.value of the
standard and perceived difficulty of
measurement to show conformance,
Many comments expressed the view
that there was no justificationfora +
standard as low as 5 pCi/g and that a
higher value would be most cost-
effective. Recommended values ranged
from 10-3¢ pCifg. :

The purpose of this standard is to,
limit the risk from inhalation of radon
decay products in houses built on land
contaminated with tailings, and to limit

- gamma radiation exposure of people
using contafminated land. We estimate

* that each increase of 0.01 WL inside a
house increases the risk of lung cancer
to each of its inhabitants by something
like one-half to'one'in a hundred, for an
assumed lifetime of residency. The
infiltration of radon in soil gas directly
into & house is by far the largest
contributor to indoor radon, and we
estimate that soil extensively
contaminated at a level of,5 pCi/g
radium can readily lead to indoor levels
of radon decay products of 0.02 WL.
Because the risks from soils
.contaminated with radium-226 are
‘potentially 8o great, the proposed
standard was sef at 8 level as cloge to
background as we believed reasonable,
taking into consideration the difficulties
in measuring this level and
distinguishing it from natural
backgound. . '

We have examined the costs and
benefits of alternative standards ranging
from 5 10 30 pCi/g. These are described
in detail in the FEIS. Total cleanup costs
are less than 10% to 20% of the total
costs of disposal of tailings piles for all
the alternatives considered. Costs for
cleanup of windblown tailings from land
surfaces are sensitive to the standard,
because the area to be cleaned up varies
epproximately inversely with the limit
selected. Costs for removalof buried
tailings are not sensitive to.the.standard,

“.£ince the amount to be removed varies

only slightly with the limit selected.
That is, we concluded most buried
tailings would be removed under any of-
the alternatives considered. We also
considered the difficulty of measuring
various thicknesses of surface
contamination, and in identifying and
measuring contamination due to buried
tailings. Detection of buried tailings
could be difficult. However, buried
tailings, as opposed to surface -
contaimination {usually windblown and
diluted with soil), can be effectively
located using a higher detection limit
than the proposed standard of § pCi/g.
Based on these analyses, we have
modified the standard for surface
contamination of soil {5 pCi/g) from an
average over the top 5 cm of soil to an .
average over the top 15 cm of soil; and
revised the standard for subsurfsce
contamination from 5 pCi/g to 15 pCi/g
{still averaged over any 15 cm layer of
soil]. We believe these standards will
result in essentially the same degree of
cleanup, and will be simpler to
implement. .

For tailings transported by man to off-
site properties, the hazard varies with
the amount of tailings involved and their
location. The proposed standard did not
provide for exemption of locations
posing a low hazard. The final standard
requires cleanup of coptamination only
when the amount and location of -+ .

. tailings poses a clear present or futufe . -

hazard, and provides criteria to assist
this determination. We estimate that
perhaps more than half of the identified
locations of such contamination do not
present a hazard sufficient to warrant
cleanup, at an estimated saving of 24
million dollars.

Some comments expressed the view
that measuring radium-226 and
distinguishing residual radioactive
materials from natural background at
the levels proposed woiild be difficult -
and costly,’and that many samples
would have to be collected and
analyzed to show compliance with the
standards. The changes we have made
make determination of compliance with
the standard easier and less costly, In-
addition, we have provided guidance in
this Notice and the FEIS on
implementation of the standards, to
clarify our intent that unnecessarily
stringent (and costly) verification that
the standards have been achieved
should be avoided.

2. Radon Decay Products in Buildings.
Some comments expressed the view that
the proposed indoor radon decay
product standard of 0.015 WL would bs
difficult and costly.to implement,
because it is within the upper range of
levels that commonly occur in houses

" because of the presence of tailings or

" it would be unreasonably difficult and

" naturally-occurring radionuclides, and

due to natursl causes. For example, it
might be necessary to distinguish
whether the standerd Is exceeded

because of anomalies in the natural .
background. This could result in costly
and unnecessary remedial actions, or in
the frequent use of an exceptions
procedure. These comments
recommended that we raise this
standard to a more cost-effective value
that can be more easily distinguished
from naturally-occurring levels,

.We have considered these arguments
and re-examined the costs and benefits
of alternative standards. We used the
data from the Grand Junction, Colorado,’
remedial program for contaminated
buildings 16 assist this evaluation,
Reduction of radon decay products in
existing buildings is probably the most
cost-effective of all types of remedial
actions for tailings, because the high risk
associated with indoor radon decay
products. Based on these evaluations,
the standard has been revised upward
only slightly so as to facilitate
implementation and to more closely
conform to other related standards, -
Under the final standard the objective of
remedial actions is to achieve an indoor
radon decay product concentration of
0.02 WL. For circumstances where
remedial action has been performed and

costly to reduce the level below 0.03
WL, the remedial action may be
terminated at this level without a
specific finding of the need for an
exception. However, we have also
sought to avoid excessive costs by
encouraging the use of active measures
{such as heat exchangers, air cleaners,
and sealants) to meet the objective of
0.02 WL when further removal of tailings
to achieve levels below 0.03 WL is
impractical. We believe the final
standard deals adequately with
complications introduced by the
presence of any high concentration of

avoids unnecessary and costly remedial
actions that produce only marginal
improvements. )

D. Reducing Regulatory Burdens.
Some commenters suggested that the
proposed standards should be flexible to
take account of unusual circumstances,
site-specific factors, and any
complications due to high natural
background levels. These commenters
recommended that this be accomplished
by raising the numerica! limits,
establishing different standerds for
unusual circumstances, or by expressing
the standards as a rangs of values.

We agree that it is appropriate and
desirable to take into account, as far as

A e s S R TS
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practical, different circumstances. ln °
addition, we believe that regulations
should be easy to carry out and not
contain unnecessary procedural
requirements, We have encouraged the
implementing agencies to do this in our
“Guldance for Implementation™ as
described below. We have also changed
the procedures for situations in which it
would be unreasonable to satisfy the
standards from an “exceptions™ process
to one in which the implementing
agencies apply “Sopplemental
Standards.” This is also described
below. Finally, the numerical limits of
some of the standards have been raised:
this will assure that they are more -
readily distmguixhable from background

levels.

IV. Implementation.

The Act requires the Secretary of
Energy to select and perform the
remedial actions needed to implement
these standarda, with the full '
participation of any State that shares
the cost, with the concurrence of the
Nuclear Regulatory Commission, and in
consultation, when appropriate, with
affected Indian tribes and the Secretary
of the Interior. .

The cost of remedial action will be
borne by the Federal Government and
the States as presczibed by the Act.
Control and stabilization remedial
‘activities are large scale undertakings **
for which there is relatively little
experience. Although preliminary
engineering assessments have been
performed, specific engineering
requirements and costs to meet the
standards at each site have yet to be
determined. We believe control and
stabilization costs (including DOE
overhead) averaging about 10-12 million
{1981} dollars per tailings pile are most
likely. For some sites, this cost may be
partly offset by recovered land values or
through provisions of the Act for -
recovery of uranium or other minerals
through reprocessing the tailings prior to
performing remedial actmns. o

A. Guidance for lmplementaboa

Conditions at the inactive processing
sites vary greatly, and engineering
experience with some of the required
remedial actions is limited. It {s our
objective that implementation o
standards be consistent with the
assumptions we have made in deriving
them. We are therefore providing
*Guidance for Implementation™ to avoid
needless expense which may result from
uncertainty or confusion as to what
level of protection the standards are
intended to achieve. :

“The standard for control and
stabilization of tailings piles is pﬁmaﬁly

intended as a design standard,”
Implementation will require & )udgment
that the method chosen provides &
reasonable expectstion that the
provisions of the standard will be met,
to the extent reasonably achievable, for
up to 1000 years, and, in eny case, for at
least 200 years. This judgment will
necessarily be based on site-specific
analyses of the properties of the sites,
candidate control systems, and the
potential effects of natural processes
over time, and, therefore, the measures
required to satisfy the standard will
vary from site to site. We expect that
computational models, theories, and
expert judgment will be the major tools
in deciding that a proposed control

. system will adequately satisfy the

standard. Post-remediation monitoring
will not be required to show compliance,
but may serve & useful role in
determining whether the anticipated
performance of the control system is
achieved.

The purpose of our cleanup standards
is to provide the maximum reasonable
protection of public health and the
environment. Costs incurred by remedial
actions should be direcied toward this
purpose. We intend the standards to be
implemented using search and
verification procedures whose cost and
technical requirements are reasonable.

_For example, since we intend the

cleanup standards for bmldmgs to
protect people, measurements in such

- locations as small crawl spaces and ~

furnace rooms may often be
inappropriate. Remedial action.
decisions should be based on radiation
levels in the parts of buildings where *
people spend substantial amounts of
time. The standards for cleanup of land
are designed to limit the exposure of
people to gamma radiation, and to limit
the level of radon decay products in
buildings that might later be built on the
land. In most circumstances, no  ~
significant harm would be caused by not
cleaning up small areas of land
contaminated by tailings. Snm'lar!y. it
would be unreasonable to require
expenstve detailed proof that all the
tailings below the surface of open lands
had been removed. Procedures that
provide a reasonable assurance of
compliance with the standards will be
adequate. Where measurements are
necessary to determine compliance with
the cleanup standards, they should be
performed within the accuracy of
presently available field and laboratory
measurement capabilities and in
conjunction with reasonable survey and
sampling procedures designed to
minimize the cost of verification. We are
confident that DOR and NRG, in = - -
consultation with EPA end the States, -

will adept implementation pm&edurés ;

consistent with oyr intent in esmbhshlng
these standards,

B. Supplemental Standards

The varied conditions st the
designated sites and limited experience
with remedial actions make it .
appropriate that EPA ellow adjustment
of the standards where circumstances
require. We believe that, in most cases,
our final standards are adequately
protective and can be implemented at
reasonable cost. However, the
standards could be too strict in some .
applications. We anticipate that such
circumstances might occur. We
originally proposed to deal with this
through an “exceptions” procedure
which would relax standards when
certain criteria were satisfied. We agree
with the comments, however, that the

' proposed procedure was unnecessarily

burdensome to apply.

In the final regulations we have
eliminated this procedure and replaced
it with a simplified procedure for
applying “supplemental standards.”
This is & more effective means of
accomplishing our original purpose. An
additional significant change in the

- proposed criteria for exceptions is the

addition of criterion 192.21{c}, which
relaxes the requirement for cleanup of

" land at off-gite locations vyhen residual

radioactive materials are not clearly )
hazardous and cleanup costs are
unreasonably high. This category of
contamination was not adequately
addressed in the proposals.

Regulatory Impact Analysis

Under Executive Order 12291, EPA
must judge whether a regulation is
“Major” and therefore subject to the
requirement of a Regulatory Impact
Analysis. That order requires such an
analysis if the regulations would result
in (1} an annual effect on the economy
of $100 million or more; (2} a major
increase in costs or prices for
consumers, individual industries,
Federal, State, or local govemment
agencies or geographic regions;: or {3}
significant adverse effects on - - -
competition, employment, investment,
productivity, innovation, or on the
ability of United States-based
enterprises to compete with foreign<
based enterprises in domestic or export
markets.

This regulation is not Major, because
we expect the costs of the remedial
action program in any calendar year to
be less than $100 million; States bear
only 10% of these costs and there are no
anticipated major effects on-costsor.

‘prices for cthen; and we-anticipatenc -

: A

e~
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significant adverse effects on domestic
-or forelgn competition, employment, -«
investment, productivity, or innovation.:
The costs of these standards arg
discussed in the FEIS, -

This regulation was submitted to the
Office of Management and Budget for
review as reqmred by Executwe Order
12291,

This regulation will not have a -
significant effect on a substantial .
number of small entities, as specified
under Section 605 of the Regulatory ..
Flexibility Act, because there are no
small entities subject to this regulation.

Dated: December 15, 1982,
Anne M. _Gomuch.
Administm_tm". ’ ‘
List of Subjects in 40 CFR Part 192

Environmental protection; Radiation
protection; Urgnium,

In 40 CFR Chapter I, Part 192 is
revised to read as follows:

PART 192—HEALTH AND
ENVIRONMENTAL PROTECTION
STANDARDS FOR URANIUM MILL
TAILINGS

Subpart A~-Standards fo_rAthe Coht_ml of
Residual Radloactive Materlals from
inactive Uranium Proc'esslng Sites

192.00 Appbaabmty. S I
19201 ' Definitions. R
192.02 Standa:ds.

Subpart B—Standards for C!eanup of Land
and Bulldings Contaminated with Residual
Radioactive Materials from Inacﬂve
Uranlum Processing Sites

192.10  Applicability.

182.11 Definitions.

19212 Standards.

Subpart C—Iimplementation

192.20 Guidance for Implementation.

192.21 Criteria for applying supplemental
standards,

182.22 Supplements! standards. .

192.23 Effective date.

Authority: Section 275 of the Atomic
Energy Act of 1854, 42 U.S.C. 2022, as added’
by the Urenium Mill Tailings Radiation
Control Act of 1878, Pub. L. 85-804.

Subpart A—Standards for the Control
of Residual Radloactive Materlals from
Inactive Uranlum Processlng Sites

§ 192.00 Appﬁcablllty
This subpart applies to the control of

residual radicactive material at
designated processing or depository -
sites under Section 108 of the Uranium
Mill Tailings Radiation Control Act of
1978 (henceforth designated “the Act”},
and to restoration of such sites following
any use of subsurface minerals \mder .

- Section 104(h) of the Act. | C

" however, applies only to emissi
- radioactive materiale to the atmospbere, +* " - -

§ 192.0% Deﬂnlﬂam

i {a) Unless ctherwise lndicated in this
aubpart. all terms shall have the same .
meaning as in Title I of the Act.

(b} Remedial action means any action
performed under Section 108 of the Act.

{c) Control meeans any remedial action
intended to stabilize, inhibit future
misuse of, or reduce emissions or
effluents from resxdual radioacuve
materials.

{d} Disposal site means the region
within the smallest perimetet of residual
radioactive material-(excluding cover
materials) following completion of
control activities,

{e) Depository site means a disposa]
site {other than a processing site] .
selected under Secﬁon 104(1)) or 105(b)
of the Act.

- {f) Curie {Ci) means the amount of
radioactive material that produces 37
billion nuclear transformation per
second. One picocurie (pCi} = 10 ~**Ci.

§ 192.02 Standards

Control shall be designed*o:

{a) Be effective for up to one thousand
years, to the extent reasonably
achievable, and, in any case, for at least
200 years, and,

(b} Provide reasonable assurance that
releases of radon-222 from residual
radioactive material to the atmosphere _

- will not: -

(l) Exceed an average release rate of
20 picocuries per square meter per
second, or -

{2) Increase the annual average
concentration of radon-222 in air &t or
above any location outside the disposal
site by more than one-half picocurie per
liter,

Subpart B—Standards for Cleanup of
Land and Buildings Contaminated with
Resldual Radiocactive Materlals from
indctive Uranium Processing Sltes

§192.10 Applicability

This subpart applies to land and
buildings that are part of any processing
site designated by the Secretary of -
Energy under Section 102 of the Act.
Section 101 of the Act, states, in part,
that “processing site” means-—

{a} Any site, including the mill,
contammg residual radioactive

4 Because the ﬁsndnrd applies to desigp.
monitoring after disposal is not required to
demonstrate compliance.

*This average shall spply over the entire surface
of the dispossl site and over st least & one-year
period. Radon will come from both residual.
radioactive materiale and from materials covering
them. Radon emissions from the covering materials
should be estimated ss part of developing &
remedial sction plan for sach site. The' -lcndord.

matenals at which all or substantiany
all of:the uranium was produced for sale
ta any-Federal agency prior to January-1,
1971, under a contract with any Federal
agency, except in the case of a site at or
near Slick Rock, Colorado, unlesg—

(1) Such site was owned or controlled
as of Januray 1, 1978, or is thereafter -
owned or controlled, by any Federal
agency. or

- {2} A license (lsaued by the {(Nuclear
Regulatory) Commission or its S
predecessor agency under the Atomic
Energy Act of 1954 or by a State as
permitted under Section 274 of such Act} -
for the production at site of any uranium

. or thorium product derived from ores is

in effect on January 1, 1978, or {s issued
or renewed after such date; and

{b} Any other real property or .
improvement thereon which—

(1) Is in the vicinity of such site, and

{2} Is determined by the Secretary, in
consultation with the Commission, to be
contaminated with residual radmacnva
materials derived irom such site,

§ 192.11 - Definitions ,

{a} Unless otherwise indicated in this
subpart, all terms shall have the same
meaning as defined in Title I of the Act
orin Subpart A. -

{b) “Land" means any surface or -
subsurface land that is not part of a )
disposal site and is not covered by an .
occupiable building, """ - -

“{c} “Working Level" (WL} means any
combination of short-lived radon decay
products in one liter of air that will .
result in the ultimate emission of alpha
particles with a total energy of 130

" billion electron volts.

(d) “Soil” means all unconsolidated
materials normally found on or near the
surface of the earth including, but not
limited to, silts, clays, sands, gravel, and
small rocks.

§ 192,12 Standards

Reémedial actions shall be conducted
so as fo provide reasonable assurance
that, as a result of residual radioactive
materials from an y designated
processing site:

{a) The concentration of radmm-zzs in
land averaged over any area of 100
square meters shall not exceed the
background level by mare than— . .

(1) 5 pCi/g, averaged over the first 15
cm of soil below the surface, and

{2) 15 pCi/g, averaged.over 15 cm
thick layers of soil more than 15 cm
below the surface..

{b} In any occupied or habx!able
building-——

{1) The objective of remedial achon
shall be, and reasonable effort shall be
madeto achieve, an annual average {or

.
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equivalent) radon decay product .+ ..t
concentration {including background} -
not to exceed 0.02 WL. In any case, the.
radon decay product concentration
{including background} shall not exceed
0.03 WL, and .

(2) The level of gamma radiation shall
not exceed the background level by .
more than 20 microroentgens per hour,

Subpart C—implementation

§ 192.20 QGuidance for Implemgnt&don

Section 108 of the Act requires the
Secretary of Energy to select and
perform remedial actions with the
concurrence of the Nuclear Regulatory
Commission and the full participation of
any State that pays part of the cost, and
in consultation, as appropriate, with
affected Indian Tribes and the Secretary
of the Interior. These parties, in their
respective roles under Section 108, are
referred to hereafter as "the
implementing agencies.’ " The
implementing agencies shall establish
methods and procedures to provide
“reasonable agsurance” that the
provisions of Subparts A and B are
satisfied. This should be done as
appropriate through use of analytic
models and site-specific analyses,in the
case of Subpart A, -and for Subpart B
through measurements performed within
the accuracy of currently available
types of field and laboratory
instruments in conjunction with -
reasonable survey and sampling
procedures. These methods and .- -~
procedures may be varied to suit
conditions at specific sites. In particular:

{8){(1) The purpose of Subpart Ais to
provide for long-term stabilization and
isolation in order to inhibit misuse and
spreading of residual radioactive
materials, control releases of radon to
air, and protect water. Subpart A may
be implemented through analysis of the
physical properties of the site and the
control system and projection of the
effects of natural processes over time.
Events and processes that could -
significantly affect the average radon
release rate from the entire disposal site
should be considered. Phenomena that
are localized or temporary, such as local
cracking or burrowing of rodents, need
to be taken into account only if their
cumulative effect would be significant in
determining compliance with the
standard. Computational models,
theories, and prevalent expert judgment
may be used to decide that a control
system design will satisfy the standard.
The numerical range provided in the
standard for the longevity of the
effectiveness of the control of residual
radioactive materials allows for
consideration of the various factors

: »affectmg the longevity of control and

stabilization methods and their costs.
These factors have different levels of
predictability and may vary for the
different sites.

(2) Protection of water should be
considered in the analysis for
reasonable assurance of compliance
with the provisions of § 192.02.
Protection of water should be
considered on a case-specific basis,
drawing on hydrological and
geochemical surveys and all other
relevant data. The hydrologic and
geologic assessment to be conducted at
each site should include a monitoring
program sufficient to establish
background ground water quality
through one or more upgradient wells,
and identify the presence and movement
of plumes associated with the tailings
piles.

{3) If contaminants have been
released from a tailings pile, an
assessment of the location of the
contaminants and the rate and direction
of movement of contaminated ground
water, as well as its relative
contamination, should be made. In
addition, the assessment should identify
the attenuative capacity of the
unsaturated and saturated zone to

. determine the extent of plume . .
- movement. Judgments on the possible

need for remedial or protective actions
for groundwater aquifers should be
guided by relevant considerations

. described in EPA's hazardous waste

management system {47 FR 32274, July
26,1982) and by relevant State and
Federal Water Quality Criteria for
anticipated or existing uses of water
over the term of the stabilization. The
decision on whether to institute
remedial action, what specific’action to
take, and to what levels an aquifer
should be protected or restored should
be made.on a case-by-case basis taking
into account such factors as technical
feasibility of improving the aquifer in its
hydrogeologic setting, the cost of
applicable restorative or protective
programs, the present and future value
of the aquifer as a water resource, the -
availability of alternative water
supplies, and the degree to which human
exposure is likely to occur.

{b){1) Compliance with Subpart B, to
the extent practical, should be .
demonstrated through radiation surveys.
Such surveys may, if appropriate, be
restricted to locations likely to contain
residual radioactive materials. These
surveys should be designed to provide
for compliance averaged over limited
areas rather than point-by-point
compliance with the standards. In most
cases, measurement of gamma radiation

‘land surface can be used to show I

exposure rates above and below the )

compliance with § 182.12{s}. Protoco!s
for making such measurements should
be based on realistic radium

-distributions near the surface rather

than exiremes rarely encountered. .

{2} In § 192.12{a), “"background level”
refers to the native radium
concentration in soil. Since this may not
be determinable in the presence of
conlamination by residual radioactive
materials, a surrogate “background
level” may be established by simple
direct or indirect {e.g.. gamma radiation)
measurements performed nearby but
outside of the contaminated location.

{3) Compliance with § 182.12(b} may
be demonstrated by methods that the
Department of Energy has approved for.
use under Pub. L. 82-314 (10 CFR 712}, or
by other methods that the implementing
agencies determine are adequate,
Residual radioactive materials should
be removed from buildings exceeding
0.03 WL so that future replacement
buxldmgs will not pose a hazard [unless
removal is not practical—see .

§ 192.21(c]}. However, sealants,

filtration, and ventilation devices may
provide reasonable assurance of . . -
reductions from 0.03 WL to below 0.02 .
WL. In unusual cases, indoor radiation.; i %
may exceed the levels specified in

§ 152.12(b) due to sources other than
residual radioactive materials. Remedtal
actions are not required in orderto™
comply with the standard when there is
reasonable assurance that residual '
radioactive materials are not the cause

. of such an excess.

§ 192.21 Criteria for applying
supplemental standards ) ,

The implementing agencies may-{and
in the case of Subsection (f) shall) apply
standards under § 192.22 in lieu of the
standards of Subparts A or B if they
defermine that any of the followmg
cifcumstances exists: :

(a) Remedial actions required to
satisfy Subparts A or B would posea
clear and present risk of injury to
workers or to members of the public,
notwithstanding reasonable measures to
avoid or reduce risk. =

{b) Remedial actions to 8atxsfy the
cleanup standards for land, § 182.12(a),
or the acquisition of minimum materials
required for control to satisfly
§ 192.02({b), would, notwithstanding
reasonable measures to limit damage,
directly produce environmental harm
that is clearly excessive compared to the
health benefits to persons living on or
near the site, now or in the future. A
clear excess of environmental harm is
harm thatis long-term, manifest, end. .
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grossly disproportionate to health

benefits that' may reasonably be -

anticipated.” <"
{c) The estimated cost of remedial
action to satisfy § 192.12(s) at a
“vicinity” stte {described under Sec.
101{6)(B) of the Act) is unreasonably
high relative to the long-term benefits,
and the residual radioactive materials
do not pose a clear present or future
hazard. The likelihood that buildings
will be erected orthat people will spend
long periods of time at such a vicinity
site should be considered in evaluating
this hazard. Remedial action will
generally not be necessary where
residual radioactive materials have been
placed semi-permanently in & location
where site-specific factors limif their -
hazard and from which they are costly
or difficult to remove, or where only
minor quantities of residual radioactive
materials are involved. Examples are
residual radioactive materials under
hard surface public roads and
sidewalks, around public sewer lines, or
in fence post foundations, Supplemental
standards should not be applied at such
sites, however, if individuals are likely
to be exposed for leng periods of time to
radiation from such materials at levels
above those that would prevail under -
§192.12(a).- -~ :

Sl

4

{d) Fhe cost of & remedial action for’

* cleanup of a building under § 192.12(b}-
is clearly unreasonably high relative to -

the benefits. Factors that should be
included in this judgment are the
anticipated period of occupancy, the
incremental radiation level that would
be affected by the remedial action, the
residual useful lifetime of the building,
the potential for future construction at
the site, and the applicability of less
costly remedial methods than removal
of residual radioactive materials. _
{e) There ls no known remedial action.
{f) Radionuclides other than radium-
226 and its decay products are present
in sufficient quantity and concentration
to constitute a significant radiation
hazard from residual radicactive
materials.. T

§192.22 Supplemental standa‘rds‘

Federal agencies implementing
Subparts A and B may in lieu thereof
proceed pursuant to this section with
respect to generic of individual
situations meeting the eligibility
requirements of § 192.21.

{a) When one or more of the criteria of
§ 192.21(a) through (e) applies, the
implementing agencies shall select and
perform remedial actions that come as
close to meeting the otherwise -~

" applicable standard as is reasonable
~ under the circumstances. - «~"%

{b} When § 192.21(f) applies, remedial -
actions shall, in addition to satisfying
the standards of Subparts A and B,"
reduce other residual radioactivity to
levels that are as low as is reasonably
achievable.

{t) The implementing agencies may
make general determinations concerning
remedial actions under this Section that
will apply to all locations with specified
characteristics, or they may make a
determination for a specific location.
When remedial actions are proposed
under this Section for a specfic location,
the Department of Energy shall inform
any private owners and occupants of the
affected location and solicit their
comments. The Department of Energy
shall provide any such comments to the
other implementing agencies. The
Department of Energy shall also
periodically inform the Environmental
Protection Agency of both general and
individual determinations'under the
provisions of this section. i

§ 192,23 Effective date. -

Subparts A, B,and C shall be effective
March 7, 1983. -
{FR Doc. B2-35585 Filed 12-30-82 10:50 am}

- BILLING CODE 6560-80-84
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 192
{A-FAL 2211-8b]

Standards for Remedial Actions at
inactive Uranlum Processing Sltes,
Advance Notice of Proposed
Rulemaking

AGENCY: Environmental Protection
Agency (EPA).

acTtion: Advance Notice of Proposed
Rulemaking.

s

sumMmaRY: EPA has issued final remedial
action standards {40 CFR Part 192,
Subpart A) for the control of tailings
piles at inactive uranium processing
sites. This notice announces that the
Agency will consider whether different
standards than 40 CFR Part 192, Subpart
A would be more appropriate for control
of tailings piles at those designated sites
that have been established as having
“medium’ or "low" priority for carrying
out remedial actions. Specifically, since
most of these sites have much lower
pepulation densities than the “high”
priority sites, 1) should the standards be
less restrictive at such sites, and/eor 2}
should the standards place primary
reliance on control of access {such as
through fences) rather than physical -
control of tailings {such as by thick -
earthen covers) to avoid radiation
exposure, 80 as to reduce the costs of
disposal of tailings at these sites?
paTe: Comments are due by May 5,
1883.

ADDRESS: Comments on the issue
described in this notice should be
submitted to Docket No. A-79-25, which
is located at the Environmental
Protection Agency, Central Docket
Section {A-130}; West Tower Lobby, 401
M Street, S.W., Washington, D.C. 20460.
Docket A~79-25 contains the rulemaking
records. The Docket is available for
public inspection between 8:00 a.m. and
4:00 p.m., Monday through Friday. A
reasonable fee may be charged for
copying. | .

FOR FPUATHER INFORMATION CONTACT:'
Dr. Stanley Lichtman, Guides and
Criteria Branch {ANR-480), Office of
Radiation Programs, U.S. Environmental
Protection Agency, Washington, D.C.
20460; telephone 703-557-8927.
SUPPLEMENTARY INFORMATION:

i)ackgmund

On November 8, 1978, Congress
enacted the Uranium Mill Tailings
Radiation Control Act of 1978, Pub. L.
§5-804 (henceforth designated “the

- Act"). In the Act, Congress stated its

... finding that urantum mill tdilings > 7

may pose a potential and significant
radiation health hazard to the public,

.. .8nd. . .that every reasonable
effort should be made to provide for
stabilization, disposal, and control in a
safe and environmentally sound manner
of such tailings in order to prevent or
minimize radon diffusion into the
environment and to prevent or minimize
other environmental hazards from such
tailings.” The Administrator of the
Environmental Protection Agency was
directed to set *. . . standards of
general application for the protection of
the public health, safety, and the
environment . . ." to govern this process
of stabilization, disposal, and control.

The Act directs the Department of
Energy {DOE]} to conduct necessary
remedial actions at designated inactive
uranium processing sites to achieve
compliance with the general standards
established by EPA. Standards are
required for two types of remedial
actions: control and cleanup. Control is
the operation which places the tailings
piles in a condition that will minimize
the risk to manfor & long time. Cleanup
is the operation which reduces the
potential health consequences of tailings
that have been dispersed from tailings
piles by natura! forces or removed by
man and used elsewhere in buildings or
land.

In another part of this issue we have
promulgated such standards (40 CFR
Part 192). Subparts A and B of the
standards cover control and cleanup,
respectively; Subpart C addresses
implementation of Subparts A and B. |
This notice concerns only Subpart A, the
standards for control of tailings piles.

DOE has designated 24 inactive mill
sites for remedial actions under the Act
{44 FR 74892, December 18, 1979].
Furthermore, as required by Section
102(b} of the Act, DOE has established
priorities for carrying out remedial
actions at each site {44 FR 74892},
relying primarily on advice from EPA.
EPA recommended that the primary
basis for establishing priorities for
cairying out remedial action should be
the estimated near-term local rates of

" induction of health effects associated
_ with radon emissions from the piles.

Accordingly, DOE established 9 sites as
having “high” priority, 6 as having
“medium" priority, and 9 as having”~
“Jow" priority for carrying out remedial
actions. However, in advising DOEon &
logical order for carrying out remedial
actions, EPA noted that it was not
addressing the need for nor the goals of
such actions (see docket item [V-E-2}).
EPA's goals for control of these
tailings piles were described in the
supporting documents {see below] for

. the final standards es:isolation andsesy -~

stabilization against misuse by people »
and dispersal by natural forces; .~ -~
reduction of risk to nearby individuals .-
and of the collective risk to populations
from radon emitted by the piles:
elimination of any significant exposure
to gamma radiation from piles; and " --
protection of ground and surface water
quality. The longevity of control to
achieve these goals was a major
concern in setting the standards.

Issues for Public Comment

During the review of the standards by
certain Federal agencies required by
Section 206{a} of the Act and Executive
Order 12291 {46 FR 13193-8, February 19,
1961}, questions were raised regarding
the appropriateness of the control '
standards for general application to all
24 inactive sites. Noting that the regions
around “low” priority sites are generally
sparsely populated, some reviewers
suggested that less restrictive standards
might be appropriate for sites in the
lower priority categories than for those
having “high" priority for carrying out
remedial actions. In view of this concern
at Federal agencies that have reviewed
the final standards, EPA is requesting
public comments on this issue.

Some of these Federal reviewers
suggested, in addition, that a radon limit
applied at the boundary {“fenceline”} of
the government-owned property around
a tailings pile would be an appropriate
form of standards for the lower priority
sites. Such a standard could be satisfied
largely by institutional methods, i.e., by
acquiring and maintaining control over
land: The standard of Subpart A,
however, can be satisfied only by
generally more costly physical methods
{such as applying thick earthen covers}
that control the tailings and their
emissions, with minimal reliance on
institutional methods. EPA also requests
comments on the adequacy of such a
radon “fenceline” standard to meet the
objectives of the Act.

Comments on both issues are
requested to assist the Agency in its
decision whether the standards should
be revised for the lower priority sites.
Revision of the standards is authorized
by Section 275a of the Atomic Energy
Act, as added by Pub. L. 95-804. Persons
interested in commenting on these
issues may wish to examine the
rulemaking record (see “"ADDRESS.”
above), or review site-specific
information. Of special interest are the
Preamble to the final standards
published today, and the Final
Environmental Impact Statement (EPA
Report 520/4-82-013~1; instructions for
obtaining this report are given in the

4

T

MSD 000549




JPRRICEY S

T TN B, Y

606... . ... . Federal Register / Vol 48, No. 3 / Wednesday, January. 5, 1983 [ Proposed Rules

5
: NN SO RO
e O 4 it b om mfoan & 4

Preamble). Individual “Engineering - :
Assessment” reports have been: - .0 ta e lcwnk o e b
prepared for DOE for the 24 designated : o
gites. Ordering instructions may be  °
obtained from the U.S. Department of
Energy, Albuquerque Operations Office,
Uranium Mill Tallings Remedial Action
Project Office, Albuquerque, New
Mexico 87108; telephone number 505
844-1014. i
List of Subjects in 40 CFR Part 192
. Environmental protection, Radiation
protection, Uranium. ’
Dated: December 27, 1982,

John W, Hernandez, Jr.,
Acting Administrator.

FFR Doc. 82-35500 Piled 12-30-82: 11,08 pm}

BILLING CODE 8580-50-3

MSD 000550



” Part 191, App. B

Consideration of Inadvertent Human In-
trusion into Geologic Repositories. The
most speculative potential disruptions of a
mined geologic repository are those associ-
ated with inadvertent human intrusion.
Some types of intrusion would have virtual-
1y no effect on a repository’s containment of
waste. On the other hand, it is possible to
concelve of intrusions involving widespread
societal loss of knowledge regarding radioac-
tive wastes) that could result in major dis-
ruptions that no reasonable repository se-
lection or design precautions could alleviate,
The Agency believes that the most produc-
tive comsideration of inadvertent intrusion
concerns those realistic possibilities that
may be usefully mitigated by repository
design, site selection, or use of passive con-
trols (although passive institutional controls
should not be assumed to completely rule
out the possibility of intrusion). Therefore,
insdvertent and intermittent intrusion by
exploratory drilling for resources (other
than any provided by the disposal system
itself) can be the most severe intrusion sce-
nario assumed by the implementing agen-
cles. Furthermore, the implementing sgen-
cles can assume that passive institutional
controls or the intruders’ own exploratory
procedures are adequate for the intruders to
soon detect, or be warned of, the incompati-
bility of the area with thelr activities.

Frequency and Severity of Inadvertent

Human Intrusion into Geologic Repositor-
ies. The implementing agencies should con-
sider the effects of each particular disposal
system’s site, design, mdmafsive institution-
al controls in judging the" likelithood and
consequences of such inadvertent explorato-
ry drilling. However, the Agency assumes
that the likelihood of such inadvertent and
intermittent drilling need not be taken to be
greater than 3¢ boreholes per square kilo-
meter of repository area per 10,000 years for
geologic repositories in proximity to sedi-
mentary rock formations, or more than 3
boreholes per square kilometer per 10,000
years for repositories in other geologle for-
mations. Furthermore, the Agency assuines
that the consequences of such {nadvertent
drilling need not be assumed to be more
severe than: (1) Direct release to the land
surface of all the ground water in the repos-
ftory horizon that would promptly flow
through the newly created borehole to the
surface due to natural Hthostatic pressure—
or (if pumping would be required to ralse
water to the surface) relesse of 200 cuble
meters of ground water pumped to the sur-
face If that much water is readily available
to be pumped; and (2) crestion of & ground
water flow path with a permesbility typleal
of & borehole filled by the sofl or gravel that
would normally settle into an open hole
over time—not the permesability of a care-
fully sealed borehole.
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PART 192—HEALTH AND ENVIRON.
MENTAL PROTECTION STANDARDS
FOR URANIUM AND THORIUM
MILL TAILINGS

Subpart A—-Standards for the Control of Re.
sidual Rodicactive Maoterinls from Inactive =
Uranium Processing Sites :

SR
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182.23 Effective date.
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nlum Byproduct Materials Pursvent to See
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182.30 Applicability.
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182.32 Standards.

182.33 Corrective action programs.
182.34 Effective date. .
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Subpart E—Standards for Management of Tho-
rium Byproduct Maoterials Pursuant fo Section
84 of the Atomic Energy Act of 1954, os
Amended

192,40 Applicability.

192.41 Provisions.

192.42 Substitute provisions.
192,43 Effective date.

AUTHORITY: Sec. 275 of the Atomic Energy
Act of 1854, 42 U.S.C. 2022, as added by the
Uranium Mill Tailings Radiation Control
Act of 1978, Pub. L. 85-604, as amended.

Source: 48 FR 602, Jan. 5, 1983, unless
otherwise noted.

Environmental Protection Agency

‘subpart A—Standards for the Control

of Residval Radioactive Mc!eri.als
from Inactive Uranium Processing

Sltes

$192.00 Applicability.

subpart applies to the control
of’l;l;is?dual radioactive material at des-
fgnated processing or depository sites
under section 108 of the Uranium Mill
Tailings Radiation Control Act of .19,"78
(henceforth designated “the Act”),
and to restoration of such sites follow-
ing any use of subsurface minerals
under section 104(h) of the Act.

§192.01 Definitions.

(a) Unless otherwise indicated in this
subpart, all terms shall have the same
meaning as in Title I of the Act.

: (b) Remedial saction means any
action performed under section 108 of
the Act. )

(¢) Conirol means any remedial
action Intended to stabilize, inhibit
future misuse of, or reduce emissions
or effluents from residual radioactive
materials.

(d) Disposal site means the region
within the smallest perimeter of resid-
ual radioactive material (excluding
cover materials) following completion
of control activities.

(e) Depository sile means a disposal
site (other than & processing site) se-
lected under section 104(b) or 105(b)
of the Act.

() Curie (Ci) means the amount of
radioactive material that produces 37
billion nuclear transformation per
second. One picocurie (pCi) = 10 ~1°CL

§192.02 Standards.

Control shall be designed? to:

(a) Be effective for up to one thou-
sand years, to the extent reasonably
achievable, and, in any case, for at
least 200 years, and,

(b) Provide reasonable assurance
that releases of radon-222 from residu-
al radioactive material to the atmos-
phere will not:

‘Because the standard applies to design,
monitoring after disposal is not required to
demonstrate compliance,

§192.10

(1) Exceed an average® release rate
of 20 picocuries per square meter per
second, or

(2) Increase the annual average con-
centration of radon-222 in air at or
above any location outside the dispos-
al site by more than one-half picocurie
per liter.

Subpart B—Standards for Cleanup of
Lond and Buildings Contaminated
with Residual Radiocactive Maieri-
als from Inactive Uranium Process-
ing Sites

§192.10 Applicability.

This subpart applies to land and
buildings that are part of any process-
ing site designated by the Secretary of
Energy under section 102 of the Act.
section 101 of the Act, states, in part,
that “processing site” means—

(a) Any site, including the mill, con-
taining residual radioactive materials
at which all or substantially all of the
uranium was produced for sale to any
Federal agency prior to January 1,
1871, under a contract with any Feder-

“al agency, except in the case of a site
at or near Slick Rock, Colorado,
unless—

(1) Such site was owned or con-
trolled as of Januray 1, 1978, or is
thereafter owned or controlled, by any
Federal agency, or

(2) A license (issued by the (Nuclear
Regulatory) Commission or its prede-
cessor agency under the Atomic
Energy Act of 1854 or by a State as
permitted under section 274 of such
Act) for the production at site of any
uranium or thorium product derived
from ores Is in effect on Janusry 1,
1978, or is issued or renewed after
such date; and

*This average shall apply over the entire
surface of the disposal site and over st least
8 one-year period. Radon will come from
both residual radioactive malerials and
from materials covering them. Radon emis-
sions from the covering materials should be
estimated as part of developing a remedial
action plan for each site. The standard,
however, applies only to emissions from re-
sidual radioactive materials to the atmos-
phere.
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(b} Any other real property or im-
provement thereon which—

(1) Is in the vicinity of such site, and

(2) Is determined by the Secretary,
in consultation with the Commission,
to be contaminated with residual ra-
dioactive materials derived from such
site.

§192.11 Definitions.

{a) Unless otherwise indicated in this
subpart, all terms shall have the same
meaning as defined in Title I of the
Act or in Subpart A,

(b) “Land” means any surface or
subsurface land that is not part of a
disposal site and is not covered by an
occupiable bullding.

¢y “Working Level” (WL) means
any combination of short-lived radon
decay products in one liter of air that
will result in the ultimate emission of
alpha particles with & total energy of
130 billion electron volts.

(d) “Soil” means all unconsclidated
materials normally found on or near
the surface of the earth including, but
not lmited to, silts, clays, sands,
gravel, and small rocks.

§192.12 Standards.

Remedial actions shall be conducted
s0 as to provide reasonable assurance
that, as a result of residual radioac-
tive materials from any designaled
processing site’

(&) The concentration of radium-226
in land averaged over any area of 100
square meters shall not exceed the
background level by more than—

(1) 5 pCi/g, averaged over the first
15 cm of soil below the surface, and

(2) 15 pCi/g, averaged over 15 cm
thick layers of soil more than 15 ¢cm
below the surface.

(b) In any occupied or habitable
building—

{1) The objective of remedial action
shall be, and reasonable effort shall be
made to achieve, an annual average
(or equivalent) radon decay product
concentration (including background)
not to exceed 0.02 WL. In any case,
the radon decay product concentration
(including background) shall not
exceed 0.03 WL, and

(2) The level of gamma radiation
shall not exceed the background level

40 CFR Ch. I (7-1-86 Edition)

by more than 20 microroentgens per
hour.

Subpart C—Iimplementation

§192.20 Guidance for implementation,

Section 108 of the Act requires the
Secretary of Energy to select and per-
form remedial actions with the con-
currence of the Nuclear Regulatory
Commission and the full participation
of any State that pays part of the cost,
and in consultation, as appropriate,
with affected Indian Tribes and the
Secretary of the Interior. These par-
ties, in their respective roles under sec-
tion 108, are referred to hereafter as
“the implementing agencies.” The im-
plementing agencies shall establish
methods and procedures to provide
“reasonable assurance” that the provi-
sions of Subparts A and B are satis-
fied. This should be done as appropri-
ate through use of analytic models
and site-specific analyses, in the case
of Subpart A, and for Subpart B
through measurements performed
within the accuracy of currently avail-
able types of field and laboratory in-
struments in conjunction with reason-
able survey and sampling procedures.
These methods and procedures may be
varied to suit conditions at specific
sites, In particular:

(a)(1) The purpose of Subpart A is to

provide for long-term stabilization and

isolation in order to inhibit misuse and
spreading of residual radioactive mate-
rials, control releases of radon to air,
and protect water. Subpart A may be
implemented through analysis of the
physical properties of the site and the
control system and projection of the
effects of natural processes over time.
Events and processes that could sig-
nificantly affect the average radon re-
lesse rate from the entire disposal site
should be considered. Phenomena that
are localized or temporary, such as

loeal eracking or burrowing of rodents, -

need to be taken into account only if |

their cumulative effect would be sig- °

nificant in determining compliance
with the standard. Computational
models, theories, and prevalent expert
judgment may be used to decide that a
control system design will satisfy

the :
standard. The numerical range provid- i

i X
R

E

. Environmental Protection Agency

ed in the standard for the longevity of
the effectiveness of the control of re-
sidual radioactive materials allows for
consideration of the various factors af-
fecting the longevity of control and
stabilization methods and their costs.
These factors have different levels of
predictability and may vary for the
different sites.

(2) Protection of water should be
considered in the analysis for reasona-
ble assurance of compliance with the
provisions of §192.02. Protection of
water should be considered on a case-
specific basls, drawing on hydrological
and geochemical surveys and all other
relevant data. The hydrologic and geo-
logic assessment to be conducted at
each site should include a monitoring
program sufficient to establish back-
ground ground water quality through
one or more upgradient wells, and
identify the presence and movement
o{l plumes associated with the tailings
piles.

(3) If contaminants have been re-
leased from a tailings pile, an assess-
ment of the location of the, contami-
nants and the rate and direction of
movement of contaminated ground
water, as well as its relative contami-
nation, should be made. In addition,
the assessment should identify the at-
tenuative capacity of the unsaturated
and saturated zone to determine the
extent of plume movement. Judg-
ments on the possible need for remedi-
al or protective actions for groundwat-
er aquifers should be guided by rele-
vant considerations described in EPA’s
hazardous waste management system
(47 FR 32274, July 26, 1882) and by
relevant State and Federal Water
Quality Criteria for anticipated or ex-
isting uses of water over the term of
the stabilization. The decision on
whether to institute remedial action,
what specific action to take, and to
what levels an aquifer should be pro-
tected or restored should be made on &
tase-by-case basis taking into account
Such factors as technical feasibility of
improving the aquifer in its hydrogeo-
logic setting, the cost of applicable re-

Btorative or protective programs, the

Present and future value of the aqui-
fer as a water resource, the availability
of alternative water supplies, and the

§ 192.20

degree to which human exposure is
likely to occur.

(b)X(1) Compliance with Subpart B,
to the extent practical, should be dem-
onstrated through radiation surveys.
Such surveys may, if appropriate, be
restricted to locations likely to contain
residual radioactive materials. These
surveys should be designed to provide
for compliance averaged over limited
areas rather than point-by-point com-
pliance with the standards. In most
cases, measurement of gamma radi-
ation exposure rates above and below
the land surface can be used to show
compliance with § 192.12(a). Protocols
for making such measurements should
be based on realistic radium distribu-
tions near the surface rather than ex-
tremes rarely encountered.

(2) In § 192.12(a), “background level”
refers to the native radium concentra-
tion in soil. Since this may not be de-
terminable in the presence of contami-
nation by residual radicactive materi-
als, a surrogate “background level”
may be established by simple direct or
indirect (e.g., gamma radiation) meas-
urements performed nearby but out-
side of the contaminated location.

(3) Compliance with § 182.12(b) may
be demonstrated by methods that the
Department of Energy has approved
for use under Pub. L. 92-314 (10 CFR
Part 712), or by other methods that
the implementing agencies determine
are adequate. Residual radioactive ma-
terials should be removed from build-
ings exceeding 0.03 WL so that future
replacement buildings will not pose a
hazard [unless removal {s not practi-
cal-see §192.21(c)]. However, sea-
lants, filtration, and ventilation de-
vices may provide reasonable assur-
ance of reductions from 0.03 WL to
below 0.02 WL. In unusual cases,
indoor radiation may exceed the levels
specified in § 182.12(b) due to sources
other than residual radioactive materi-
als. Remedial actions are not required
in order to comply with the standard

when there is reasonable assurance
that residual radioactive materials are
not the cause of such an excess.
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§192.21 Criteria for applying supplemen-
tal standardas,

The implementing agencies may
(and in the case of subsection (f) shall)
apply standards under § 192.22 in lieu
of the standards of Subpart A or B if
they determine that any of the follow-
ing circumstances exists:

(a) Remedial actions required to sat-
isfy Subpart A or B would pose a clear
and present risk of injury to workers
or to members of the public, notwith-
standing reasonable measures to avoid
or reduce risk.

(b) Remedial actions to satisfy the
cleanup standards for land, § 192.12(a),
or the acquisition of minimum materi-
als required for econtrol to satisfy
§ 192.02(b), would, notwithstanding
reasonable measures to limit damage,
directly produce environmental harm
that is clearly excessive compared to
the health benefits to persons living
on or near the site, now or in the
future. A clear excess of environmen-
tal harm is harm that is long-term,
manifest, and grossly disproportionate
to health benefits that may reason-
ably be anticipated.

(¢) The estimated cost of remedial
action to satisfy § 192.12(a) at a “vicin-
ity” site (deseribed under section
101(6XB) of the Acl) is unreasonably
high relative to the long-term benefits,
and the residual radioactive materials
do not pose a clear present or future
hazard. The likelihood that buildings
wili be erected or that people will
spend long periods of time at such &
vicinity site should be considered in
evaluating this hazard. Remedial
action will generally not be necessary
where residual radioactive materials
have been placed semi-permanently in
a location where site-specific factors
limit their hazard and from which
they are costly or difficult to remove,
or where only minor quantities of re-
sidual radioactive materials are in-
volved. Examples are residual radioac-
tive materials under hard surface
public roads and sidewalks, around
public sewer lines, or in fence post
foundations. Supplemental standards
should not be applied at such sites,
however, if individuals are likely to be
exposed for long periods of time to ra-
diation from such materials at levels

40 CFR Ch. | (7-1-86 Edition)

above those that would prevail under
§ 192.12(a).

(d) The cost of a remedial action for
cleanup of a building under § 192.12(b)
is clearly unreasonably high relative
to the benefits. Factors that should be
included in this judgment are the an-
ticipated period of occupancy, the in-
cremental radiation level that would
be affected by the remedial action, the
residual useful lifetime of the build-
ing, the potential for future construc-
tion at the site, and the applicability
of less costly remedial methods than
removal of residual radioactive materi-
als.
(e} There is no known remedial
action.

(f) Radionuclides other than radium-
226 and its decay products are present
in sufficient quantity and concentra-
tion to constitute a significant radi-
ation hazard from residual radioactive
materials.

§192.22 Supplemental standards.

Federal agencies implementing Sub-
parts A and B may in lieu thereof pro-
ceed pursuant to this section with re-
spect to generic or individual situa-
tions meeting the eligibility require-
ments of § 182.21.

(a) When one or more of the criteria

of § 192.21(a) through (e) applies, the
implementing agencies shall select and
perform remedial actions that come as
close to meeting the otherwise applica-
ble standard as is reasonable under
the circumstances.
- (b) When § 192.21(f) applies, remedi-
al actions shall, in addition to satisfy-
ing the standards of Subparts A and B,
reduce other residual radioactivity to
levels that are as low as is reasonably
achievable.

(¢) The implementing agencies may
make general determinations concern-
ing remedial actions under this section
that will apply to all locations with
specified characteristics, or they may
make a determination for a specific lo-
cation, When remedial actions are pro-
posed under this section for a specific
location, the Department of Energy
shall inform any private owners and
occupants of the affected location and
solicit their comments. The Depart-
ment of Energy shall provide any such

20

Environmental Protection Agency

comments to the other implementing
agencies. The Department of Energy
shall also periodically inform the Envi-
ronmental Protection Agency of both
general and individual determinations
under the provisions of this section.

§192.23 Effective date.

Subparts A, B, and C shall be effec-
tive March 7, 1983.

Subpart D-—Standards for Manage-
ment of Uranium Byproduct Materl-
als Pursvant to Section 84 of the
Atomic Energy Act of 1954, as
Amended

Source: 48 FR 45848, Oct. 7, 1883, unless
otherwise noted.

§192.30 Applicability,

This subpart applies to the manage-
ment of uranium byproduct materials
under section 84 of the Atomic Energy
Act of 1954 (henceforth designated
“the Act”), as amended, during and
following processing of uranium ores,
and to restoration of disposal sites fol-
lowing any use of such sites under sec-
tion 83(bX(1XB) of the Act,

§192.31 Definitions and cross-references,

References in this subpart to other
parts of the Code of Federal Regula-
tions are to those parts as codified on
January 1, 1983.

(&) Unless otherwise indicated in this
subpart, all terms shall have the same
meaning as in Title I of the Uranium
Mill Tallings Rediation Control Act of
1878, Subparts A and B of this part, or
Parts 180, 260, 261, and 264 of this
chapter. For the purposes of this sub-
part, the terms “waste,” “hazardous
waste,” and related terms, as used in
Parts 260, 261, and 264 of this chapter
shall apply to byproduct material.

b)) Uranium byproduct material
means the tailings or wastes produced
by the extraction or concentration of
uranium from any ore processed pri-
marily for its source material content.,
Ore bodies depleted by uranfum solu-
tion extraction operations and which
remain underground do not constitute
“byproduct material” for the purpose
of this subpart.

(¢) Conirol means any action to sta-
bilize, inhibit future misuse of, or

21

§ 192.32

reduce emissions or effluents from
uranium byproduct materials.

(d) Licensed site means the area con-
tained within the boundary of a loca-
tion under the control of persons gen-
erating or storing uranium byproduct
materials under a license issued pursu-
ant to section 84 of the Act. For pur-
poses of this subpart, “licensed site” is
equivalent to “regulated unit” in Sub-
part F of Part 264 of this chapter.

(e) Disposal site means a site select-
ed pursuant to section 83 of the Act.

(f) Disposal area mesans the region
within the perimeter of an impound-
ment or pile containing uranium by
product materials to which the post-
closure requirements of §192.32(bX1)
of this subpart apply.

(8) Regulatory agency means the
U.S. Nuclear Regulatory Commission.

(h) Closure period means the period
of time beginning with the cessation,
with respect to a waste impoundment,
of uranium ore processing operations
and ending with completion of re-
quirements specified under s closure
plan,

1) Closure plan means the plan re-
quired under § 264.112 of this chapter.

(}) Existing portion means that land
surface area of an existing surface im-
poundment on which significant quan-
tities of uranium byproduct materials
have been placed prior to promulga-
tion of this standard,

§192.32 Standards.

(r) Standards for application during
processing operations and prior fo the
end of the closure period, (1) Surface
impoundments (except for an existing
portion) subject to this subpart must
be designed, constructed, and installed
in such manner as to conform to the
requirements of § 264.221 of this chap-
ter, except that at sites where the
annual precipitation falling on the im-
boundment and any drainage ares
contributing surface runoff to the im-
poundment is less than the annual
evaporation from the impoundment,
the requirements of § 264.228(aX(2)
(HXE) referenced in § 264.221 do not
apply.

(2) Uranium byproduct materials
shall be managed s0 as to conform to
the ground water protection standard
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in § 264.92 of this chapter, except that
for the purposes of this subpart:

(i) To the list of hazardous constitu-
ents referenced in §264.93 of this
chapter are added the chemical ele-
ments molybdenum and uranium,

(iiY To the concentration limits pro-
vided in Table 1 of §264.94 of this
chapter are added the radioactivity
limits in Table A of this subpart,

(ili) Detection monitoring programs
required under §264.98 to establish
the standards required under § 264.92
shall be completed within one (1) year
of promulgation,

(iv) The regulatory agency may es-
tablish alternate concentration limits
(to be satisfied at the point of compli-
ance specified under § 264.95) under
the criteria of § 264.94(b), provided
that, after considering practicable cor-
rective actions, these limits are as low
as reasonably achievable, and that, in
any case, the standards of § 264.94(a)
are satisfied at all points at a greater
distance than 500 meters from the
edge of the disposal area and/or out-
side the site boundary, and

(v) The functions and responsibil-
ities designated in Part 264 of this
chapter as those of the “Regional Ad-
ministrator” with respect to “facility
permits” shall be carried out by the
regulatory agency, except that exemp-
tions of hazardous constituents under
§ 264.93 (b) and (¢) of this chapter and
alternate concentration limits estab-
lished under § 264.94 (b) and (¢) of this
chapter (except as otherwise provided
in § 192.32(a)(2X(iv)) shall not be effec-
tive until EPA has concurred therein.

(3) Uranium byproduct materials
shall be managed so as to conform to
the provisions of;

(i) Part 190 of this chapter, “Envi-
ronmental Radiation Protection
Standards for Nuclear Power Oper-
ations” and

(ii) Part 440 of this chapter, “Ore
Mining and Dressing Point Source
Category: Effluent Limitations Guide-
lines and New Source Performance
Standards, Subpart ¢, Uranium,
Radium, and Vanadium Ores Subcate-
gory.”

(4) The regulatory agency, in con-
formity with Federal Radiation Pro-
tection Guidance (FR, May 18, 1960,
pgs. 4402-4403), shall make every

22
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effort to maintain radiation doses
from radon emissions from surface im-
poundments of uranium byproduct
materials as far below the Federal Ra-
diation Protection Guides as is practi-
cable at each licensed site.

(b) Standards for application after
the closure period. At the end of the
closure period:

(1) Disposal areas shall each comply
with the closure performance standard
in § 264.111 of this chapter with re-
spect to nonradiological hazards and
shall be designed?® to provide reasona-
ble assurance of control of radiological
hazards to

(i) Be effective for one thousand
years, to the extent reasonably achiev-
able, and, in any case, for at least 200
years, and,

(i) Limit releases of radon-222 from
uranium byproduct materials to the
atmosphere so as to not exceed an av-
erage ? release rate of 20 picocuries per
square meter per second (pCi/m%).

(2) The requirements of
§ 192.32(b)(1) shall not apply to any
portion of a licensed and/or disposal
site which contains a concentration of
radium-226 in land, averaged over
areas of 100 square meters, which, as a
result of uranium byproduct material,
does not exceed the background level
by more than:

(1) 5 picocuries per gram (pCi/g),
averaged over the first 15 centimeters
(cm) below the surface, and

(i) 15 pCi/g, averaged over 15 cm
thick layers more than 15 cm below
the surface.

§192.33 Corrective action programs.

If the ground water standards estab-
lished under provisions of

1The standard applies to design. Monitor-
ing for radon-222 after installation of an ap-
propriately designed cover is not required.

*This average shall apply to the entire
surface of each disposal ares over periods of
at least one year, but short compared to 160
years. Radon will come from both uranfum
byproduct materials and from covering ma-
terials. Radon emissions from covering ma-
terials should be estimated as part of devel-
oping a closure plan for each site. The
standard, however, applies only to emissions
from uranium byproduct materials to the
stmosphere.

Environmenial Protection Agency

§192.32(aX2) are exceeded at any li-
censed site, a corrective action pro-

as specified in § 264.100 of this
chapter shall be put into operation as
soon as is practicable, and in no event
iater than eighteen (18) months after
g finding of exceedance.

§192.34 Effective date.

Subpart D shall be effective Decem-
ber 6, 1983.

TABLE A TO SuBPART D

pCi/liter
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Subpart E—Standards for Manage-
ment of Thorlum Byproduct Materi-
als Pursuant fo Section 84 of the

- Atomic Energy Acl of 1954, as
Amended

Sounce: 48 FR 45947, Oct. 7, 1983, unless
otherwise noted.

§192.40 Applicability.

This subpart applies to the manage-
ment of thorium byproduct materials
under section 84 of the Atomic Energy
Act of 1954, as amended, during and
following processing of thorlum ores,
and to restoration of disposal sites fol-
lowing any use of such sites under sec-
tion 83(b}1XB) of the Act.

§ 19243

§192.41 Provisions.

The provisions of Subpart D of this
part, including §§ 192,31, 192.32, and
192.33, shall apply to thorium byprod-
uct material and:

(a) Provisions applicable to the ele-
ment vranium shall aiso apply to the
element thorium;

(b) Provisions applicable to radon-
222 shall also apply to radon-220; and

(¢) Provisions applicable to radium-
226 shall also apply to radium-228.

(d) Operations covered under
§ 192.32(a) shall be conducted in such
8 manner as to provide reasonable as-
surance that the annual dose equiva-
lent does not exceed 25 millirems to
the whole body, 75 millirems to the
thyroid, and 25 millirems to any other
organ of any member of the public as
a result of exposures to the planned
discharge of radioactive materials,
radon-220 and its daughters excepted,
to the general environment.

819242 Substitute provisions.

The regulatory agency may, with
the concurrence of EPA, substitute for
any provisions of § 192.41 of this sub-
part alternative provisions it deems
more practical that will provide at
least an equivalent level of protection
for human health and the environ-
ment.

§192.43 Effective date.

Subpart E shall be effectis;e Decem-
ber 6, 1983.
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LANGE-STEGMANN FERTILIZER CO.

1 Angelica Street .
ST. LOUIS, MISSOURI 63147

PRODUCT LIST - FOR READY REFERENCE

PRODUCT NAME ANALYSIS

Ammonium NitTate ..eeeeecoscscasossssasasssss 34=0-0
Ammonium Sulfate (Granular & Fine) e...eeocos 21-0-0~2453
Anhydrous AMMONia «ocsvevosssscosssnsosssesss B2%~N
Bagged - Lange Fertilizers .........0ss...... Various
BOTOI «osesvocscacssnooasasassasssscasansnscess 13.7%=B
Calcium Nitrate (15.5%-N 19%-WS Calcium) .... -
Diammonium Phosphate (DAP) ......cceecnoeesss 18-46-0
Dried Clay .ossessncnscosssunssescnnsnsssosnse -
Granular Triple Super Phosphate (GTISP) ...... 0-46-0
Granular Urea@ .eesesececocosssssscscscassasss 46-0=0
ITOM vosevevscsncsnessssnsensssanasanssssssss 40%=Fe
K-Mag (Granular & Turf Grade) ....civecveeees -
Lawn Man Family of Products ....e...ec.ss.0.. Various
MEENESIUM +eavsrooossassssssssssnsscancsnssss 30%-Mg
MANGANESE +rovessesansssnsssnansssssnssonssns 28%-Mn
Melt Man Ice Melter (10# - 20# - 50#) ....... -
Micro-Prilled Urea (For Melt-Down) .......... 46%-N
Min-U-Gel Suspension Clay (100 & 200) ....... -
Mixed Grade Bulk - Lange Fertilizers ........ Various
Monoammonium Phosphate (MAP) ........cce0s0es 11-52-0
Muriate of Potash (Granular & Coarse) ....... 0-0-60
Muriate of Potash (Soluble) ...evveveceseonns 0-0-62.4
Nitrogen Solution (28%~N 32%-N) ...covvceosss -
Potassium Nitrate (Soluble) ....cveseesesesse 13-0-44
Prilled UTEA .eoevecovecssosssosnsssonssonsssas 46=-0-0
Single Super Phosphate ....ceeeeessscsssscess 0-18-0
Specialty Products «.e.eesscesssesssdansssss. Various
Sul-Po-Mag (22%-K 18%-Mg0 22%-S) eeueveosvaee =
Sulfate of Potash 12%-S (Gran. & Standard) .. 0-0-50
Sulfate of Potash (Soluble) ....eeevevesessss 0=-0-50
Sulfur (Elemental) ....eesesocescansomersssss 30%=5
Sulfur Coated Urea (S.C.U.) civveesncsesessss 37-0-0-158
Urea~Formaldehyde (Lg/Sm Granular & Powder).. 38-0-0
ZINC wovoesossssessosensassssssssssncessseses 36%~Zn
Zinc Sulfate (36%-ZN 17.5%=S) ceecvsnscsvoses -

CUSTOM BLENDING AND BAGGING FOR SPECIAL ANALYSIS
BAG OR BULK DELIVERY AVAILABLE
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675 BROWN RD. . P.O. BOX 5840 . ST. LOUIS, MO. 63134 . (314) 885-0123

January 9, 1981

Mr. Bernard A. Rains,

Manager, Industrial Pollution Control
Metropolitan St. Louis Sewer District
10 East Grand

St. Louls, Mo. 63147

Dear Bernie:
Enclosed are regulations of the Division of Health and excerpts from the
Missouri statutes giving the Division of Health authority over certain types

of radiation control.

Sincerely,

- Noble Robinson,
/bd Director, Environmental Affairs
enc -

" Mallinckrodt
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Chapier 90 Prntectmn Agamst Iomzmg Radmtmn

13 CSR 50‘90

Title 13—-DEPARTMENT OF SOCIAL o

SERVICES
Division 50—Division of Health ,
Chapter 90—Protection Against Ionizing
Radiation

13 CSR 50-60.010 Definitions

PURPOSE: The purpose of this rule is to define
technical terms which are used throughout tius
chapter

(1) Absorbed .doserof any ionizing radiation is the
energy imparted to matter by ionizing particles per
unit mass of irradiated material at the place of inter-

est. The unit of absorbed dose is the rad. ™

(2) Aluminum ’eqruijalent js the thickness of alumi-
num affording the same attenuation, under. spemﬁed
conditions, as the material in question. =~

(3 Contrblléd areaxsa.n area in which the occupa-

tional exposure of personnel to radiation or to radio-

active material is under the supervision of an indi-

vidual in charge of radiation protectlon (This means
that a controlled area is one that requires control of
access, occupancy, and workmg condltlons for radla-n
tion protectmn purposes)

{4) Dead-man switch is a switch so constructed that
a circuit closmg contact can only be mamtamed by
continuous pressure by the operator. =~ ¢

(5) Division'is the Division of Health of the Depart-

ment of Socml Serv:ces, State of stsoun. o

(8) Dose, unless otherwise indicated, as used m these

regulations, means REM dose.

{7} Effective hélf-l_ifé {T), in days, is:

= (Tb) x  (Tr)
(T )y + (T )

where T - biologlcal half-life
b
: in days L
and Tr': physical half-life -
in days

CODE OF STATE REGULATIONS
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{8) Execessive radiation dose is a d(;se of radiation in
excess of maximum permissible dose. (13 CSR 50-
90 040) ‘

(9) Individual is any human bemg

(10) Instaﬂatxon is a place containing one or more
_ sources of radxatmn :

{11) Lead equlvalent is the th;ckness of lead afford-

ing the same attenuation, under specified conditions,
as the material in question.

{12) Maiimdm permissible accumulated dose

{MPAD) is the dose of radiation which, if accumu-
lated during the lifetime of the individual, is not
expected to cause observable bodily injury.

{13} Maximum permissible dose (MPD) is the max-

imum (REM) dose that the body of an individual or

specific parts thereof shall be pemntted to receive in

“-astated period of time.

- {14) Persen s -any .individual, tpartnérship, associa-

tion, corporation, firm, trust, estate, public or pri-

- vate institution, group, agency, political subdivision

of this state, and any legal successor, Tepresentative,

--agent, or agency of the foregoing.

. {15) Personnel monitoring is ihe determination of

the radiation dose received by an individual during
the specified period. : '

~2{16) Protective barrier is a barrier of attenuatmg ma-

tenals used to reduce radlatmn exposure

» (17) Quahﬁed expert is an mchvzdual fitted by train-
" “ing.and experience to perform dependable radiation

surveys, to oversee radiation monitoring, and to es-

‘timate the degree of radiation hazard. If the ability

of a qualified expert is questioned, the division shall

- be the judge of his qualifications, in regard to which

it may consider the testimony of other persons
whom it deems expert. -

(18) Rad is the unit of absorbed dose and is equal to

..100 ergs .per gram. It is 2 measure of the energy

imparted to matter by ionizing particles per unit
mass of irradiated material at the place of interest.

{19) Radiation is gamma rays and X»réys, alpha and

beta particles, high-speed electrons, neutrons, pro-

tons, other nuclear particles and any -other ionizing =~

3
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13 CSR 50-90— SOCIAL SERVICES

Division 50—Division of Health

iadiation; but not sound or radio waves, or visible,
infrared, or ultraviolet light.

(20) Radiation hazard is any condition that ‘might
result in the exposure of individuals to excessive ra-
diation dose. ~

(21) Radiation machine is any device that produces

radiation when in operation.

(22) Radioactive material is any matenal sohd hq-
: u1d or gas, that-emits radiation spontaneously

(23) Relative biological effectiveness, (RBE) is a nu-. ;
merical factor which is used to compare-the effec- -
" tiveness of absorbed dose of radiation delivered in ..

different ways. The standard of comparison is X- or
gamma radiation having a linear energy transfer in
water of 3 kev per micron. A list of RBE values of

various kinds of radlatmn is glven in Table 1,13 CSR -

50-80. 110

(24) Rem is equal to the absorbed dose i in tads mul- S

txphed by the appropriate RBE.

(25) Roentgen is a unit of exposure dose of X-ray or

gamma radiation such that the associated corpuscu-

lar emission per 0.001293 gram of air produces, in air,
ions carrying 1 esu of quantity of electricity.

" (26) Sealed source is a quantity of radioactive mate-
rial so enclosed as to prevent the escape of any ra-
diocactive material. ‘ SR

(27) Source {(of radiatioh) is a radiation machine ora’

quantity of radicactive materials.

{28) Survé)r is the evaixiation of actual or ‘potential
radiation or contamination hazards by ‘or under the
supervision of a qualified expert.

(29) X-ray tube housing prétective diagnostic-type is
one that reduces the leakage radiation ‘to a max-
imum of 0.10 roentgen in one hour at a distance of

one meter from the tube target when the X-ray tube

is operating at its maximum current and voltage

(30) X-ray tube housing protective therapeutic-type
is a tube housing so constructed that the leakage
radiation at a distance of one meter from the target
cannot exceed the rate of one roentgen per hour and
at a distance of five centimeters from any point on
the surface of the housing accessible to the patient

cannot exceed the rate of 30 roentgens per hour
when the tube is operated at its maximum current
and voltage.

(31) Useful beam is that part of radiation which

" passes through the window, aperture, cone, or colli-

mating device of the tube housing.

(82) User is a person having administrative control

- 'OVEr-one or more sources.

-A33) Other scientific and technical terms not herein
. -specifically defined shall be used in accordance with

the definitions in recommendations of the National

-Committee on Radiation Protection and Measure-
.ments as published in Handbooks of the ‘National

‘Bureau of Standards, or The American Standard As-

~-sociation’s “Glossary of Terms in Nuclear Science

-and Technology,” with preference being in the order

x glven

Auth section 192420 RSMo (196‘9) Ongmal
rule ﬁled Nov 9, 1964 effectwe Dec 39,1964,

; ’13 CSR 50-90,020 Exemptlons

‘ ~,PURPOSE Thzs rule lists exemptwns from the

-‘requirements of this chapter. Its purpose is to
~avoid unnecessary regulation and daplzcatzon
.of regulatory authority. ‘ ‘

(1) The following materials, machines and conditions
- --are exempt from the requirements of this chapter:

“(A) Timepieces, instruments, novelties, or devices

--containing self-luminous elements themselves. ‘Such

timepieces, instruments, novelties, or devices shall

_:not be exempt if they are stored, used, or handled in

'such quantity or fashion that an individual might
receive a radiation dose exceeding the lLimits -estab-
lished in 13 CSR 50-90.040.

(B) Electrical equipment that produces radiation
incidental to its operation for other purposes, provid-
ing the dose rate to the whole body at the point of
‘nearest approach to such -equipment when any ex-
ternal shielding is removed does not exceed 0.5 rem
per year. The production testing or factory servicing
of such «;uipment shall not be exempt.

{C) Radiatior machines which cannot be used in
such manner as to produce radiation. (For £xample,
X-ray machines or electrxcal equxpment in storage or
transport).

(D) Radioactive material being transported across

astate in conformance with reg‘ulatxons of any feder- . -

4 ’ CODE OF STATE REGULATIONS
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13 CSR 5() 99

al agency having jurisdiction over safety in inter-
state transport.

(E) The use of radioactive sources licensed by the
U. S. Nuclear Regulatory Commission to installa-
tions in the state of Missouri. :

(F) Other sources of radiation that the division

finds should be exempted as approved by the Com-

mittee on Radmmon Control.

Auth: section 192.420 RSMo (1969). Original
mleﬁled Nov. 8, 1964, e/fectwe Dec 9, 1964.

13 CSR 50-90. 030 Reglstratlon

' PURPOSE Th&s rule states the condztmns

under which sources of ionizing radaatwn must
be regzstered wubh the dwzswn. o :

(1) The OWner; user.or operator of every ex1stmg not :
exempted source shall register such source of radia- -

tion with the division within 90 days after the effec-
tive date of this rule and once every two years there-

after as long as he continues.to possess. the source.
- Any newly acquired source shall be registered with

the Division of Health within 30 days after receipt.

The registration shall be submitted.on a form avail- .

able from the division, and shall describe.each
source, its location and use,-and. the waste disposal
practices, if any. The registration shall also give the
name and address of the user or users and the name

'and address of the quahﬁed expert

(2) The user shall notlfy the dxvxslon in wntmg wn:h-

in 30 days of any change with respect to his radia-

tion sources which may substantially increase or.de-

crease the potential for personnel exposure.

(3) All non-exempt i’adiat’idn sources. brought dinto

the state of Missouri for temporary use must be reg-
istered at least four days before entry. The registra-
tion shall indicate the type and amount of the
source, the scope of the use, duration of use and the
exact locations .of the use:.or storage. The above re-
quirement may be waived at the discretion .of the
Division of Health if the use is an unexpected occur-
rence of major consequence demanding immediate
use and of which it would not have been possible to
have knowledge four days in advance. :

(4). An installation registration may be issued, on

application, for research institutions, teaching insti-
tutions, and certain manufacturing establishments

) :vhose radiation conditions are undergoing constant

change. Such institutions and manufacturing estab-
lishments must maintain an active and effective ra-
diation committee to review and approve all uses of
radiation sources. A qualified expert must be re-
tained to make hazard evaluations of all uses of all
radiation sources and must be given authority to
enforce recommended procedures.

" (5) Registration shall not imply the division’s ap-

proval of the conditions described in the registration.

Auth: section 192420 RSMo (1969). Onginal
mle ﬁled Nov. 9,.1964, effective Dec. 9, 1964. .

13 CSR 50- 90 040 Mammum Perm;ssxble Expo-
sure. ants , , L , S

PURPOSE: The purpose ~of this rule is.to es-. .-
tablish maximum permissible exposure limits. .. .
Maximum permissible doses are established for
both external and internal exposures for per-
sons within or.outside controlled areas. i,

(1) Except as provided in subsections (A), (B), and
(C) of this-section, the maximum permissible dose
(MPD) from all external sources of ionizing radia-
tion for persons within a controlled area shall be as
hstemeableI S e . . ;

CUTABLE X
%
3 B
¥axinuw dose Maximum dose
permitted in any | permitted im any
calendar year 1 calendar quarter

Part of Body

Whole body, head
and trunk, major '
portion. of the bone

wmarrow, gonads, or |
lens of eyve.

Skin :of large body .
area.

Hands and forearms,

feet and ankles.

5 rems - . 3 rems ) .

--30 rems 10 rens

75 rems 25 rems

A dose tothe whole body, head and trunk, in addi-
tion to that listed in Table I, shall be permitted for a -
calendar year provided that all three of the following
conditions are met: ,

(A) During any calendar quarter the maximum
dose of three rems, listed in Coiumn B of table ], is
not exceeded; and :

(B) The user has detenmned the individual’s pre- :
vious accumulated occupational dose, and A ,

(C) The dose, when added to the premously ac-
cumulated occupational dose, does not exceed the
maximum permissible accumulated dose (MPAD) ..

calculated according to the formula: MPAD = (N.

CODE OF STATE REGULATIONS ‘ S
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18) x 5 rems, where N is the individual’s age in full
years.

(2) For persons within a controlled area the radia-
tion dose to the tissues of the body from radioactive
materials within the body shall be controlled by lim-
iting the average rates at which such materials are
taken into the body. Where this intake results from
breathing contaminated air, the concentrations of
the radionuclides in the air, averaged over any calen-
dar quarter, shall not exceed the concentrations list-
ed in Appendix I, Table 2, Column 1. The values in

this table are for a work week of 40 hours. For longer -

work weeks the values must be adjusted downward
accordingly. Where this intake results from the oc-
currence of radioactive material in drinking -water
and foodstuffs, the permissible concentratlons shall
be the same as m section (3} of this rule.

(3) For persons outside a controlled area, the max-
imum permissible dose to the whole body due to
sources within the controlled area or to radioactive
‘materials escaping from the controlled area, shall be
2 millirems in any one hour, 0.1 rem in any 7 consec-

_utive days and 0.5 rem in any year. In meeting this

requirement, the user may take reasonable advan-
tage of operational factors such as the amount of
time that the radiation is present or that the area is
occupied by any one person.

(4) For persons outside a controlled area, the radia-
tion dose to tissues of the body from radicactive ma-
terials within the body shall be controlled by limit-
ing the average rates at which such materials are
taken into the body. Where this intake results from
the occurrence of radioactive materials ‘in ‘the air,

drinking water, or foodstuffs, the average concentra-

tions of the radionuclides in the air, or drinking
water or foodstuffs, averaged over any calendar
quarter, shall not exceed the concentrations listed in
Appendix I, Table 2, Columns 2 and 3.

Auth: section 192420 RSMo (1969). Original
1 rule filed Nov. 9, 1964, effective Dec. 9, 1964. '

13 CSR 50-90.050 Personnel Momtormg and Ra-
chatmn Surveys .

PURPOSE: This rule lists requirements for per-
sonnel monitoring and radiation surveys. Con-

~ditions under which routine monitoring of indi-
viduals occupationally exposed to radiation
shall not be required are also listed.

(1) The user shall provide for radiation surveys and

‘monitoring sufficient to assure compliance with

other rules of this chapter. The radiation survey and
monitoring shall be performed by, or under the di-
rection of, a qualified expert using suitable instru-
ments and methods for measuring radiation.

(2) Until an actual radiation survey can be per-
formed, a written statement made by a gualified ex-
pert based on his analysis of the situation shall be

-acceptable as evidence of the absence of radiation
«hazard ina g1ven area. :

‘!(3) Pensonnel momtonng shall be reqmred for-each
- individual for whom there is any reasonable possibil-
ity of receiving a weekly dose of all radiation exceed-

ing 50 millirems, taking into consideration the use of

“protective gloves, aprons or other radxatlon-hmxtmg
devmes ‘

‘»‘(4)‘ Routine monitoring of individuals occu;;atmnally

exposed to radxatxon from radlatxon machmes shall

“:not be required if: -
(A) A qualxﬁed expert has specxﬁed the operatmg J—
- :conditions under which there is no reasonable -

chance that any individual will be subjected to a

dose of either more than 25 millirems in any 7 con-

secutive days or more than 325 millirems in ‘any 13

‘consecutive weeks,

(B) The operating conditions in subsection {A) of

‘this section are made known to all individuals who

may be occupationally exposed to the radiation.
:(C) The installation continues to operate only

: under the specxﬁed conditions.

(5)'Radxatmn<surveys of =seaied sources “and-sealed
storage areas shall be made at least semiannually to
insure the integrity of the containment. The survey =

shall be capable of detecting the presence of 0.005

microcurie of removable contamination. If the sur-
vey reveals the presence of 0.005 microcurie or more

-of removable contamination, the user shall immedi-

ately withdraw the sealed source from use and shall

cause it to be decontaminated and repaired, or dis- -

posed of, in accordance with procedures estabhshed

by a quahﬁed expert.

Auth: section 192.420 RSMo (19689). Original
rule filed Nov. 9, 1964, effective Dec. 9, 1964.

6 CODE OF STATE REGULATIONS -
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13 CSR 50-80.060 Radiation Exposure Records
and Reports

PURPOSE: This rule requires the user of radia-
tion sources to keep records of personnel expo-
sures, radiation measurements, and the receipt
and disposal of radioactive materials. It also
states the conditions under which personnel ex-.
posures and radiation incidents must be report-
ed.

(1) Records of all measurements requu-ed by 13 CSR

50-90.050 shall be kept available by the user for in-
spection by a representative of the dlwslon Person-
nel monitoring records shall include the Social Secu-
rity number_ and date of bu‘th of the mchvxdual

concerned.

(2)‘ An accurate aecounting for all radicactive mate-

rials, not specifically exempted by 13 CSR 50-90.020, N
shall be maintained. Such records shall show the _

amount of mdloactxve material recelved, transferred

decayed in storage, and disposed of and such other; )
information .as may be necessary to account for the
difference between the amount of radioactive maten—

al received or produced and the amount on hand.

The user shall also keep records of the release of
" radioactive materials to the environs sufficient to

demonstrate compliance with other rules of this
chapter. Such records shall be maintained and made

available for inspection for at least five years »after A

final disposition of such radioactive matenal

(3) Upon termmatmn of employment of an mdxvxdw A, 7
al, the individual and/or division shall, upon request,

be supplied with a summary statement of that indi-

vidual's radiation dose. (The estimated maximum
dose shall be stated if no personnel monitoring has k
been carried out.) This record shall include state- )

ments of any circumstances wherein the dose to the
employee from any source of radiation exceeded
those specified in this chapter. Employee records
must be kept available for inspection by the division
during the tenure of employment of an employee
and for a period of five years thereafter.

(4) When it 1s known or believed that an accidental
dose to a person in the installation may have exceed-
ed two times the amount permitted by applicable
sections of 13 CSR 50-80.040, all facts relative to the
occurrence shall be reported in detail to the division
within 7 days of the discovery thereof, and a copy of
the report shall be put in that individual’s personnel

CODE OF STATE REGULATIONS

file. The cause of the overexposure shaﬁ immediately
be soufrht out and corrected

{5) The loss or theft of anv source of radiation not
exempt from these rules shall be reported immedi-

ately to the division by telephone and a written re-

port shall be submitted within 24 hours.

(6) At the request of -any emplovee, each user shall
advise such employee annually of the employee’s ex-
posure to radiation as shown in records mamtamed )
by the user.

(7) Any accident involving either a public or private

carrier conveying radicactive material shall be re-

ported immediately to the Division ‘of Health by
telephone and a wntten report shall be submltted
vnthm 24 hours ‘ '

Auth: section 192420 RSMo (1969). Original

T rule ﬁled Nov. 9, 1964, effeciive Dec 9, 1964.

13CSR 50-90 070 Storage of Radioactive Materi- =
als - o

PURPOSE: The purpose of this rule is to requzre
ﬂze safe storage of radzoactwe materml. ‘

(1) The user-shall see that radioactive materials are
kept in a manner that will provide reasonable assur-
ance that, during routine access to a controlled area,
no person will be exposed in excess of the limits set
forth in 13 CSR 50-90.040. Provisions shall be made to
minimize the hazard to emergency workers in the
event of fire and in situations where earthquake, flood,
and windstorm potentials exist. »

(2) The user shall see that vaults or rooms used for -
storing materials that may emit radioactive gases or
airborne particulate matter are ventilated in such a
manner that the concentration of the gases or parti-
culate matterin the air does not constxtute aradiation
hazard. =

(3) When there is a reasonable possibility that chemi-
cal, radiation, or other action might lead to leakage of
radioactive material from a container, the user shall
provide a secondary tray or catchment to the con-
tainer adequate to retam the enmre amou,nt of radio-
active material.

Auth: section 192.420 RSMo (1969). Original rule
- filed Nov. 9, 1964, effective Dec. 9, 1964. .
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13 CSRH 50-80.080 Coh!:roi of Radicactive Con-
tamination

PURPOSE: The purpose of this rule is to limit
personnel exposure by requiring the control or
removal of radioactive contamination.

(1) The user shall see that all work with radioactive
materials is carried out under conditions which will
minimize the possibility of spread of radicactive ma-
terial that could result in the exposure of any person
above any limit specified in 13 CSR 50-90. 040

(2) Where the nature of work is such that a person or
_ his clothing may become contaminated with radioac-
‘tive material, both shall be monitored according to
procedures established by a qualified expert. Personal
contamination shall be removed according ‘to- pro-
cedures estabhshed by a qualified expert

{3) Clothmg or other material contaminated“to a
degree which could result in the .exposure -of any
person above any limit specified in 13 CSR 50:80.040

should be retained inside the installation until it can

be decontaminated or disposed of according to pro-
cedures established by a qualified expert R

Auth: section 192.420 RSMo (1969). Original rule
filed Nov. 9, 1964, effective Dec. 9, 1964. I

- 13 CSR 50-90.090 Disposal of Radioactive Wastes

PURPOSE: This rule lists the conditions under
which radioactive material may be released into
the air or water or may be disposed of by burialin
soil or discharge into a sanitary sewer.

(1) No user shall release radioactive material into the
air or water in such a manner as to cause exposure of
any person above the limits specified in 13 CSR
50-90.040. If several users are discharging radioactive
wastes to the same environs, they shall cooperate in
limiting the release and shall file with the Division of
Health a statement of their agreed pro rata releases.

(2} Every person who receives radmactxve waste ma-
terial for holding and preparation, prior to disposal,

shall first obtain a permit from the Division of Health

for such holding and preparation.

(3) No owner or user shall dispose of radioactive waste
materials by dumping or burial in soil except at sites
¢ &pproved by and registered with the Division of

Health.

(4} -Radioactive material may be dlscharged mto a
samtary sewer provided that: #wee e
(A} Such material is readily soluble or dlspersxble in
water; and
(B) The quantity of any radicactive material re-
leased into the sewer in any one day, when diluted by
the average daily quantity of sewerage released into

‘the sewer by the owner or user, will not result in

average concentration exceeding the Limits speclﬁed in-
‘Table 2, Appendix I, and

{C) The gross quantity of all radioactive matenal 80 ..

d:scharged does not exceed one cune per year. -

- Auth: section 192.420 RSMo (1969) Ongmal rule
ﬁled Nov 9, 1964, effective Dec. 9, 1964. '

13 CSR 506-90.100 Radiation Labehng

PURPOSE The purpose -of this rule is to es-

tablish requirements for labeling radiation ma-
_.chines, radiation areas, and containers in.which

radicactive materials are transferred, stored or

used, .and to list exemptwns from postmg -oF
: Zabelmg requzrements

{1) The user shall indicate the presence of radiation by
posting conspicuous signs or labels which bear- -appro-
priate wording, as described in sections (5) through

(10) of t}us rule to explam the nature of the hazard.

(2) ALl such radiation warning signs and labels shall

-bear the standard symbol for designating any radia-
~ tion hazard as described in Appendxx 1L

(3) The use of the standar'd symbol, signs or labels for
any other purpose is expressly prohibited. The. Sym-
bol, signs and labels and the lettering used -with it
shall be as large as practical, consistent with size of
the equipment or material. The lettering shall not be
supenmposed on the symbol

(4)-All signs and labels required by this section shall
use the conventional radiation colors {magenta or
purple ‘and vellow background) and bear a conven-
tional radxatxon symbol :

{(5) All rad]atxon machmes shali be clearly labeled as
follows: “Caution: Radiation” This Equipment
Produces Radiation When Energized. (Labels should

be Piaced on the control panel near the =Wn;ch whlch '

energizes the tube )-

8 ‘ CODE OF STATE REGULATIONS
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(6) Each area shall be designated as a radiation area
and shall be conspicuously posted with a sign or signs
bearing a radiation caution symbol and the words
“Caution: Radiation Area” if radiation .levels exist
which could subject an individual, continuously pres-
ent, to five millirems within any one hour or could
result in a dose of 100 millirems in any seven consecu-
tive days.

{7) Each radiation area wherein jthe::reexists é radia-

tion level in excess of 100 milliroentgens per hour shall ,
be conspicuously posted with a sign or signs bearinga

conventional radiation caution symbol and the words:
“Caution: High Radiation Area”.

- '(A) Each high radiation area, except those contam~
ing only . therapeutic ‘units operating -at 60 kvp-or

below and/or diagnostic units, shall be equipped with "
an internal control circuit which shall either cause the

radiation exposure rate to be reduced-to below 100
milliroentgens per hour upon entry of an individual

into the area or shall energize a conspicuous visible or:
audible alarm signal in ‘such a manner :that ‘the
individual entering and the'supervisor of the activity:
are made aware of the entry. In the case of a:tempo- -
rary high radiation area (30 days or less), a control.

circuit is not required if a barricade, such as a fence or
rope is erected and the requlred caumon 31gns are
posted - s :

-{(8) Any room, enclosure or operating area in which

airborne radioactive materials exist in excess of the

- amount as stated in Table 2, Column 3, Appendix I, of

this chapter shall be conspicuously posted with-a sign
or signs bearing a conventional radiation symbeol-and
the words: “Caution: Airborne Radioactivity Area”.
In the event that respiratory protection is required,
the equipment prescnbed shall also be consplcuously
des:gnated e » -

(9) Each entrance to an area or to rooms shall be
conspicuously posted with a sign or signs bearing a
conventional radiation symbol and the words “Cau-
tion: Radioactive Material” if the radicactive material
used or stored is an amount exceeding ten times the
maximum exempted amount as spemﬁed in Table 1,
Appendix 1.

(10} Each container in which radioactive material is
transferred, stored or used shall bear a conventional
symbol and the words: “Caution: Radioactive Mate-
rial”. Labeling shall not be required if the concentra-

. -‘tion of radioactive material does not exceed that

CODE OF STATE REGULATIONS

specified in Table 2, Columns 2 or 8, Appendix 1, if the
quantity of radioactive material does not exceed that
in Table I, Appendix I, or for laboratory containers
being used transiently. Where practical, signs re-
quired by this section should describe the quantities
and kinds of radicactive materials involved.

(11) ‘All areas that are readily accessible but not

"normally occupied, and where a radiation hazard may

exist on a frequent or infrequent basis, shall be
suitably restricted and posted with the accepted
radiation- hazard label. o

'(12) All radxatmn-hazard Iabele posted shall be re-

moved when the source of radiation is no longer
present. )

(13) Notw:thstandmg the provisions of other sections
of this rule:.

(A) A room orareais not required to be posted with
a caution sign because of the presence of a sealed
source provided the radiation level twelve inches from
the surface of the device does not exceed five mil-
liroentgens per hour and the sealed source is properly

-labeled in accordance with J;he requirements of this

rule.,

{B) Rooms or other areas in hospitals are not
Tequired to be posted with caution signs because of the
presence of patients containing radiocactive material
provided that attendant personnel are adequately:
instructed as to the precautions necessary to prevent
the exposure of any individual to radiation or airborne
radioactive -materials in excess of. the hzmts estab-
lished in this. chapter

C) Caution’ signs are not requn‘ed to be posted at
-areas or rooms containing radioactive material. for
periods of less than twenty-four hours provided that
such materials are constantly attended by an individ-
val during such periods, or that there is no chance that
any individual would come into the area or room not
knowing a hazargd exists.

(D) Radiation areas and high radiation areas which
result from the operation of therapeutic X-ray ma-
chines operated at potentials of 60 kvp and below or
from the operation of diagnostic X-ray machines shall
be exempt from the posting requirements of this rule
provided that the operator of the equipment has taken
precautions to insure that no individual other than
the patient shall be in the radiation area. ‘

Autk section 192. 420 RBSMo (1969) Ongmal rule
ﬁled Nou 9, 1964, e/fectwe Dec. 8, 1964
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13 CSR 56-90.110 Relative Biological Effective-
ness Values

PURPOSE: The purpose of this rule is to list
relative biological effectiveness (RBE) values
which are referred to in other rules of this
chapter. :

(1) The RBE values in Table T are convenient. approx»
Imations to relate dose in rads to dose in rems. The
value will vary greatly with the biological effect being
considered, the acuteness of the exposure and many
other factors. The qualified expert should evaluate
these factors for each situation, and should adjust the
values accordingly. S

Table I - RBE Values

' Radiation

X-rays and gamma rays, cf

~ all energies and . electrons

and beta rays above 0. 03 MEV { - l.d '

Fast neutrons and protons

1i1p‘ to 10 MEV 10
Alpha particles 10
Heavy recoil nuclei ’ 20

Autk section 192.420 RSMo (1 969) Original rule
ﬁled Nov. 9, 1964, effective Dec. 8, 1964 )

13 CSR 50-90. 120 General Reqmrements for
Diagnostic X-ray Equipment

PURPOSE: The purpose of this rule is to es-
tablish general requirements for diagnostic x- ray
equzpment :

(1) The X-ray tube housing shall be of the protectxve
diagnostic type.

{2) Total filtration shall be as follows:

(A) For fluoroscopic and radiographic equipment
operating at 70 kvp and below, the total filtration
permanently in the useful beam, for routine use, shall
be equivalent to at least 1.5 mm of aluminum. This
- condition shall be considered fulfilled if the half value

layer (HVL) of the useful beam is 1.5 mm of aluminum
or greater.
(B) For fluoroscopic and radi ographic equipment

- capable of operating above 70 kvp, the total filtration

permanently in the useful beam shall be equivalent to
at least 2.5 mm of aluminum. This condition shall be

considered fulfilled if the HVL of the useful beam is

2.5 mm of aluminum or greater.

{3) The exposure switch for routine diagnostic X-rays

~or routine diagnostic fluoroscopy shall be of the
““dead-man” type or time limiting switch acceptable to
‘the d1v1smn

{4) Dlaphragms or cones shall be used for colhmatmg

the useful beam and shall provide the same degree of

: protectmn as the tube housing.

Auth section 192.420 RSMo (1969). Ongznal rule
ﬁled Nouv. 8, 1964, effective Dec. 9, 1964

13 CSR 50-90.130 Specml Reqmrements for Med-

\ lcal Fluoroscopic Installations

PURPOSE: The purpose of this rule is to.es-
-tablish special requirements for medical ﬂuoro-
scopzc mstallatzons

“{1) All fluoroscopes shall be so constructed that the

entire cross section of the useful begm is attenusated
by a primary barrier. Collimators and adjustable

...........

diaphragms or shutters shall be provided to restrict
the size of the useful beam to less than the area of the .

* . barrier. For conventional fuoroscopes, this Tequire-
~ment is met if, when the adjustable diaphragm is open

“toits fullest extent, an unilluminated two centimeters

~_margin is left on the fluorescent screen with the screen -
- centered in the beam at a distance of 35 cm. (14 inches)

“from the panel or table top. The margin reguirement
does not apply to installations where image araplifiers
are used, but a protective shield shall be provided in

these installations so that the useful beam does not

produce a radiation hazard.

(2) Accéssory shielding devices (éuch &S cones, Cur- .

tains, bucky slot covers, shielding between patient and
flucroscopist) shall be used as required to reduce the
exposure dose rate to not more than 50 mxlhroentgens
per hourin the area adjacent to the machine normally

occupied bythe ﬁuoroscoplst and his assistants during

ﬁnoroscopy

{3) The target to panei dlstance shall not be less than ' S ‘,

10 CODE OF STATE REGULATIONS -

MSD 000567



Chapéer 90— Pretectmn Ag’amst Iomzmg Rachatum

13 CSR 5‘}-90

18 inches.

(4) A manually reset cumulative timing device shall

be used which will either indicate elapsed time by an
audible signal or turn off the apparatus when the total
exposure exceeds a predetermined limit given in one or
a series of exposures. The device shall have a max-
imum range of 5 minutes.

(6) The primary beam barrier should have a lead -

equivalent of at least 2.0 millimeters and shall not be
less than 1.5 millimeters for 100 kvp, should be at least

2.4 millimeters and shall be not less than 1.8 milli-

meters for 125 kvp, and should be at least 2.7 mﬁh-
meters and shall be not less than 2.0 millimeters for
150 kvp. For conventional fluoroscopes, this require-
ment may be assumed to have been met if the
exposure dose rate measured at the viewing surface of
the fluorescent screen does not exceed 50 milliroent-
gens per hour with the screen in the primary beam of
the fluoroscope without a patxent nnder normal
operating conditions. : ;

(6) Coliimeﬁore ‘and adjliétebié dlaphragms or shut-.
ters to restrict the size of the useful beam shall provide
a-minimum of 2.0 millimeters lead equivalent protec-

tion-for 100 kvp, 2.4 millimeters for 125 kvp, and 2.7 |
- millimeters for 150 kvp. '

(7) For routine ﬂuoroscopy'the dose rate measured at
the panel or table top shall not exceed 6 roentgens per
minute. - ‘

(8) Mobile fluoroscopic equipment -shall meet the
requirements of sectmns (1) through {7) of thls rule
except that:

(A) In the absence of panel or table top, a ‘cone or
spacer frame shall limit the target- -to-skin distance to
not less than 12 inches. .

{B) 1t shall be mposs1ble to operate the machine
when the collimating cone or diaphragm is not in
place.

(C) The maximum permmsxb}e exposure dose rate of
6 roentgens per minute shall be measured at the
minimum target-to-skin distance.

Auth: section 192.420 RSMo (1969). Original rule
filed Nov. 9, 1964, effective Dec. 9, 1964.

13 CSR 50-90.140 Special Reciixirements For
Medical Radiographic Installations

PURPOSE:_VThe purpose of this rule is to es-

tablish special requirements for medical radio-
graphic x-ray installations.

(1) A device shall be provided to terminate the
exposure after a preset time or exposure.

(2) The exposure switch shall be so arranged that it
cannot be conveniently operated ocutside a shielded
area. Exposure switches for spot film devices used in
conjunction with fluoroscopic tables are excepted
from th_\s requn-ement

Auth: sectwn 192.420 RSMo (1969). Ongznal rule
filed Nov. 9, 1964, effective Dec 8, 1964.

13 CSR 50-90. 150 Speclal Reqmrements For Den- ‘
tal Radiographic Installatmns

PURPOSE: The Dpurpose of this rule is to es-
tablish special requzremenr.s for dental radio-
grapluc installations,

(1) The dlameter of the usefnl beam ‘at the cone tip
should be not more than 2.75 inches and shall be not
more than. three inches for routine intraoral radio-
graphy...

(2) A device shéll be provided to ‘terminate the
exposure after a preset time or exposure. -

(3) The exposure control switch shall be provided with
a cord sufficiently long so that the operator can stand
at least 6 feet from the tube housing for all exposures
and well away from the useful beam.

Auth: section 192.420 RSMo (1969). Ongmal mle B
ﬁledNou 9, 1964, eﬁectweDec 9, 1964.

13 CSR 50-90.160 Special Requifements for Mo~
bile Medical Ra_d,iographic Installations

PURPOSE: The purpose of this rule is to es-
tablish special requirements for mobile medical
radiographic installations.

{1} All mobhile eqﬁipment shall be provided with cones
or frames so that the minimum target-to-skin dxstance
is at least 18 inches.

(2) The exposure _control switch shall be so arranged
that the operator can stand at least 6 feet from the
patient and outside the pnmary beam for all €xpo-

‘ sures.

CODE OF STATE REGULATIONS ) 11
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(3) A device shall be provided to terminate the
exposure after a preset time.

Auth: section 192.420 RSMo (1969). Original rule
filed Nov. 9, 1964, effective Dec. 9, 1964.

13 CSR 50-90.170 Special Requirements for Pho-

tofluorographic Installations

PURPOSE: The purpose of this rule is to-es-
tablish special requzrements for photoﬂuorogra- :
phic installations.

(1Y A collimator shall restrict the useful beam to the -

area of the ﬁuorographlc screen.

(2) The exposure switch shall be so arranged that it
cannot be conveniently operated outside a ‘shielded
area. Exposure switches for spot film devices used in
conjunction with ﬂuoroscopxc tables are exempted
from this requxrement ‘ : N

(3) A device shall be provided to termmate the

exposure after a preset time or exposure.

(4) Output of the photofluorographic installation
shall not exceed one roentgen per exposure at the
panel.

Auth: section 192.420 RSMo (1969). Original rule
filed Nov. G, 1964, effective Dec. 9, 1964,

13 CSR 50-90.180 Requirements For Rad;atxon
Therapy Installations

PURPGSE: The purpose of this rule is to es-
tablish reqguirements for radlatwn therapy m-
stallations. con

(1) The radiation source housing shall be a protective
therapeutic type.

(2) Permanent diaphragms or cones shall be used for
collimating the useful beam and shall afford the same
degree of protection as the radiation source housing.
Adjustable or removable beam-defining devices shall
not transmit more than 5 per cent of the useful beam
obtained at the maximum kilovoltage and with the
maximum treatment filter.

(3) The filter svstem shall be so arranged as to permit
proper filter selection and alignment. Filters shall be
secured in place to prevent them from dropping out

, ~radxatmn isin the Yon” posman

~ (1) The requirements for room shielding shall conform

during treatment. The filter slot shall be so con-
structed that the radiation escaping through it does
not exceed one roentgen per hour at one meter.

(4) The rachation source shall be centered and mount-

ed so that it cannot turn or slide with respect to the
aperture when the source is in the “on” position.

" {5) Means shall be provided to immobilize the radia.

tmn source dnnng statxonary rachatxon treatment.

(6) A timer shall be provided to texmmate the expo-

‘_"sure after a preset tune

'4'{7) Wlth equxpment operatmg above B0 kvp, mterlocks
-shall be provided so that when any door to the

treatment Toom is opened either the machine will be

‘shut off automatically or the radiation level 'within
- the room will be reduced to an average of not more

than two millircentgens per hour and a maximum of

. 10 milliroentgens per hour at a distance of one meter

in any direction from the target. After such a shutoff,

- sor reduction in-output, it shall be possible to restore
“the machine to full operatlon only ﬁ'om the contml
'paneL S

(8) The controli shall be locéied outside of the treat-

ment room or within a protective booth.

(9) Equipment utilizing shutters to control the useful

beam shall have a shutter posxtmn indicator on the
control panel. G

 (10) There shall be on the control panel some -easily

discernible device which will give positive information -
‘as to whether or not the source of the aom?mg

Auth section 192. 420 RSMO (1 969) Original rule
filed Nov 9, 1964 eﬁ'ectwe Dec 9 '1964.

13 CSR 50-30.190 Reqmrements for Room,

Shielding

PURPOSE The purpose of‘thzs rule is to provide
necessary information regarding reguirements
- for room shielding for dzagnosac and therapeunc
mstallcztwns

to the requirements defined in the various handbooks
published by the U. S. Department of Commerce, S
Natxcna! Bureau of Standards and ‘any revisions to ..

12 CODE OF STATE REGULATIONS
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said handbooks. ‘ k Column 1 Column 2
Unsealed Sources  Sealed Sources
. . .. (Microcuries) {Microcuries)
Auth: section 192.420 RSMG (1968). Original rule Continued Continued
filed Nou. 9, 1964, effective Dec. 9, 1 964.
Cobalt 58 o .10 100
.60 1o 100
13 CSR 50-90.200 Shoe—Fxttmg Devxces e : ‘ .
" Coppert4 10 100
PURPOSE: This rule prohzbtts the use of radza~ Curium 242 o1 1
ton for the pwpose of sellmg footwear = :
v Europium 154 L4 10
(1) It shall be unlawful for any person, partnershlp, Fluorine 18 100 1000
association, or corporation to operate or maintain St sl : N T
within this state, any fitting devices or ‘machines . Galliam72 ©... . ... . 10 100
which use fluoroscopie, x-ray, or radiation principles Germanium 71 100 1000
for the purpose of selling footwear through commer- R TSR ST G e
cial outlets. Gold'186 . , .10 100
: : o 198 - - 10 - 100
.. 199 L ' 10 180
Auth: section 192420£SMO (1969) Orzgmal mle R : S
ﬁledNov‘Q 1964 effectweDec.Q 1964 ©one iy Holmiom 166 . o o T ‘190 Cese . S200 e
; U T Hydroges (Trtm)3 1000 - 10000
fosieatg i T DT o . [
APPENDIX | - Indium 134 .. O | S
TABLE 1- EXEMPT QUANTITIES OF RADIOISOTOPES ~ lodine 131 R T 10 ,
- Columal - -+ Columa'2 ‘- Iridium i9o 10 100
Unsealed Sources Sesled Sources - 92 o PR 1o P 100»
(Microcuries) (Microcuries) fron 55. DU ‘ 16 100
, 59 1 10
Actinium 227 S 0.1 ) 1 ’
S : ton8 1000 © 10000
Americium 241 i : 2.1 . o L 1 Koyp n’ . . .
Lanthanum 140 . 10 100
Antimony 124 ‘ o 1 L 10 .
‘ T T Lead 203 10 100
Arsenic 73 10 100 213+=dtrs S RN (1 . . | B
74 1o 100 : A e
76 . , 1o 100 , Lutecwm 77 , 10 100
) . o entieres e . Manganese 52 SRV TRV © I 100
Astatine 211 . 0.1 0 54 10- 100
: 56 , 10 100
Barium-Lanthanum 140 1 10 o k v ’ )
T EEEE RN : . Molybdenum 99 Dol 10 100
Beryllium 7 . 100 1000
Nickel 58 10 100
Bromine 82 10 100 63 10 100
Cadmium-Silver 109 . . . 10 . 100 Niobium 95 10 100
Calcium 45- ‘ ' V 1 1o Palladinm-Sifvét 109 {1} 100
Carbon 14 ’ . ) 1000 10000 Palladiom-Rhodium 103 | P 10 100
Cerium-Praseodymium 144 1 " SR U] " Phosphorus 32 10 100
Cesium-Barjum 137 10 100 Platinum 191 R SRR L\ Co s100
‘ : 193 10 100 ‘
Chlorine 36 R 100 o ' i
s ' Plutonium 239 Q1. o 1 - :
Chromium S1 N - 100 oL 1000 : : , . :
B Y
CODE OF STATE REGULATIONS 13
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Column 1 Column 2 Column 1 Column 2

Unsezled Sources  Sealed Sources Unsealed Sources  Sealed Sources
(Microcuries) (Microcuries) ' (Microcuries) (Microcuries)
Continued Continued Lontinued Continued
Polonium 210 0.1 1 Tin 113 10 100
Potassium 42 10 . ' Tungsten 181 10 100
ctassivm 100 > 188 , 10 100
P ium 143 10 1 : ' '
raseodymium 143 , 100 ' Uranium 233 .1 1
Promethium 147 0 100 fxatura; 1600 " 10000
Radium 226 ,":0‘ 1 1 E - ‘Nanadism-48 R 10 - 100
Rhenium 183 : 10 S0 0 Yemwm9lo oo o1 10
186 10 . 100 - o
: ‘Zinc 65 . - 10100
Rhodium 105 10 100 , , o « R
am . . Zirconium Niobium 95 L 10 - -100
Rubidium 86 o B 10 100 CLr e )
Ruthenium 103 L 10 o100 -
Ruthenium-Rhodium 106 1 :}“19
Samarjum 151 1 e
153 10 100
Scandium 46 ‘ 10 100
47 - 10 < 100
48 ~ 10 100
Silver 105 10 100
“110 10 100
111 10 100
Sodium 22 . 10 100 ‘
24 , 10 100
Strontiuvm 89 - 1 10 ks
Strontium-Yttrium 90 0.1 1.0
Sulfur 35 10 100
Tantalum 182 ’ 1 100
Technetium 96 1 10
g9 1 a0
Telurium 127 10 100
129 10 100
Thallium 200 ' 10 100
201 ) 100 1000
202 10 100
204 10 100
Thorium nat. 100 1000
Thorium-Protoactinium 234 1 10
Thulium-Ytterbium 170 1 10
14 CODE OF STATE REGULATIONS -
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TABLE 2 Column 1 Column 2 Column 3
' ELEMENT VAIR WATER AIR
CONCENTRATIONS IN WATER AND AIR  (atomic number) ISOTOPE! (we/ml)  lue/mly  (ue/mi)

ABOVE NATURAL BACKGROUND

I 1x10-10 2% 10.5 441012
Column 1 Column 2 Column 3 Larbgn Ci4 S 4y m-g 8 x 164 1x 10_2
ELEMENT AIR  WATER AR ® (CO2) Sub 5 x 10- - . Ix1lo
(atomic number) 1SOTOPEY (uc/ml} (uc/ml') (uu/ml) Cerium Ce 141 S 4 x 10—7 Sz ]G—? 2x 10—8
(58) I 2x w-z 9 x 10-5 5x 10-8
Actinium Ac227 S 221012 2x10-6 8x10.14 (Celar S 3x107 4x 10> 9x m-g
(89) 1 321011 34104 951013 : I2x16-7 42105 7x10-
} Ce 144 S 1x10-8 1x105 3x10.10
Ac 228 S 8x10-8 9x1p5 3x10.9
, ) I 6x10% 1x105 2x10-10
1 2x10-8 ©yx105 6x10-10 Cesi
" 1% esiom Cs 131 S 1x10-5 2x103 4x107
Americium Am 241 S 6x10-12 4x106 2x10.12 ‘
10 4 17 &5 ... - I 3x106 9x104 1x10.7
(95 T 1x10-8 2»10-4 4x 10 Cs 134 S 4x1055 6x103 1x10.6
Am 243 S 6x10-12 4x10.6 2x10.13 s 234m X0k x X
: 1 1x10-10 3x10-5 4x10-12 I 62106 1x103 2x10.7
. : Cs 134 § 4x10-8 9 x106 1x10.9
Antimony Sb 122 S 2x10-7. 3x10-5 6x 109 v
. 7 5 10.9 T 1x10-8 4x105 4x1010
3] I 1x10-7 3x10-5 5x10- Cs 135 § 5x107 1x104 2y10.8
Sb 124 S 2x10.7 - 2x10-5 53x10:9 s ® x * 40~
1 2x108 2x10-5 7x10:10 e I 9x10-8  2x104 3x 109
Sh 125 S 5x%10.7 1x104 2x108 Cs 136 S 4x10.7 9x10-5 1x10-8
I 3x10-8 1x1nd4 oy 1010 I 2xi3-7 £x10-5 6x10-9
Argon2 A 37 Sub 6 x 10-3 - 1 x i Cs 137 S 6x10-8 2x105 2x109
(18) A4y - Sub 2 x 10-6 - 4%108 I 1x10-8 4x10-5 5x10.10
Arsenic As73 .. 8§ 2x10.6 5x104 7x108 Chlorine Cl136 S 4x107 8x10-5 1x108
@ - D, 4x10-7 0 53104 1x308 an : 1 2x10-8 6x10-5 8x10-10
' As 74 $ 3x107 5x10-5 1x10.8 C138 $ 3x10-6 3+104 9y 108
‘ I 1x10:7 5x105 4x169 I 2x106 43104 75108
“As 76 S 1x107° 2x105 43x15°9 Chromium Cr 51 S 1x15  7xi03 4x10.7
I 1x10-7 2x310.5 3x109 (24) I ?2x10-6 2x10-3 8x 108
- As 77 S 5x107 8x105 23x108 Cobalt Co 57 S 3x10-6 5x104 1x107
e *1 4x107 8x10-5 1x10-8 @n : I 2x107 4x10.4 6x109
Astatine At 211 5 7x10-9 2x10.6 2x10.10 Co 58m S 2x10-5 3x103 6x10.7
(85) I 32108 7x105 1x109 1 9x10-6 2x10-3 3x1310.7
Bariom ’ Ba 131 S 1x106 2x104 4x1p8 , Co 58 S 8x107 1x10-4 3x108
(56) I 4x10-7° 2x104 1x10.8 I 5x108 9x10.5 2x109
"Baldd S 1x10-7 3x10-5 4x10-9 Co 60 § 3x107 5x10.5 1x10.8
I 4x10-8 2x105 1x109 1 9x16-% 5 %, 10-5 3 x 10.10
Berkelinm - Bk 249 S 9x10-10 §x 104 3x 1011 Copper Cu 64 S 2x10-6 3x10-4 7x 108
(/)] I 1x10-7 - 6x104 4x109 {29 I 1x10-6 2x104 4x10-8
Beryllium Be 7 S 6x10-6 2x103 2x107 Curivm Cm242 S 1x1010 2x105 4x1012
- ' I 1x106.2x103 4x108 (96) I 2x1010 3x105 6x10.12
Bismuth Bi 206 S 2x10-7 4x10-5 6x109 Cm 243 S5 6x10-12 5x10.6 2x30.13
83) - Ceen T 1x107 4x105 §x10.9 I 1x10-10 2x105 3x10-12
- Bi-207 S 2x10-7 6x10.5 6x10.9 Cm 244 S 9x10-12 7x10.6 3x 1013
I 1x10-8 " 6x10.5 5x 1010 I 1x10-10 3x10.53 3x10.12
Bi 210 S 6x10-9 4x10-5 2x10.10 Cm 245 S 5x10-12 43106 2x10°3
: I 6x109 4x105 2x10.10 1T 1%10-10 3x10.5 4x10.12
Bi 212 S 1x107 4x104 3x169 Cm 246 S 5x10-12 4x 106 241013
; I 2x107  4x104 7x109 I 1x10-10 35185 4x10.12
Bromine Br 82 S 1x106 3x104 4x108 Dysprosiom Dy 165 S 3x106 4x10-4 9x108
(35) I 2x10-7 4x10-5 6x10.8 (66) I 2x106 4x10-4 7x108
Cadmium Cd 109 S 5x10-8 2x104 2x109 Dy 166 5 2x10-7 4x10-3 Bx 108
(48) I 72108 2x104 3x10% I 2x10-7 4x10.5 7x109
Cd 115m S 4x10-8 3x105 1x109 Erbium Er 169 S 6x10-7 9x 105 2x10-8
I 4x10-8 3x10.5 1x109 (68) I 4x107 9x10-3 1x10.8
Cd 115 S 2x10-7 . 3x105 8x10.9 Er 171 S 7x10-7 1x10-4 2x10-B
I 2x107  4x 105 6x169 I 6x107 ~1x10-4 2x108
Calcium - Ca 45 S 3x10.8 9x106 1x10-9 Europivm Eu 152 S 4x10-7 6x 105 1x108
20 I 1x107 2x104 43x109 (63) (TV/2=9.2hrs) 1T 3x10-7 6x10-5 1x 108
Ca 47 S 2x10-7 5x10.5 6x10-9 Eu 152 S 1x10-8 B8x 105 4x10.10
I 2x10-7 3x105 6x109 (TV/2=13 yrs) I  2x10-8 8x10.5 6 x10.10
Californium Cf 249 S 2x10-12 4x106 53x10.14 Eu 154 S 42109 2x10-5 1x10-10
(98) 1 1x10-10 2x1310.5 3x10.12 I 7x10-9 2x105 2x10-10
: - Cf250 S 5x10-12 1x10-5 2x10.13 - Eu 15§ S 9x10-8 2x104 3x16.9
I 1x10-10 3x105 3x10.12 1 7x10-8 2x104 3x10.5
Cf 252 S 6x10-12 7x10-8 2x1p.13 Fluorine F 18 S 5x10-6 8x10-4 2x10.7
— - ' (9) I 3x106 5x10.4 9x108
1Soluble (S); Insoluble (I); Submersion in -a c!f)ud o!‘ gés'eous material (Sub). Gadoliniam Gd 153 S 2% 10»7 2% 10-4 8 x 10-9
ZNobie gas - Values given for sgbmersmn in &n.infinite cloud. -~ (64} . E - o1 9y 10-8 o 1&4 3% 10.9
CODE OF STATE REGULATIONS . 15
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Division 58—Division of Health

o s et

ELEMERT
(atomic number) ISOTOPE!
Gd 159
Gallium Ga 72
31
Germanium Ge 71
32)
Gold Au 196
9
Au 198
Au 199
Hafnium Hf 181
oy
Holmium HO 166
67
Hydrogen H3
69
Indium In 113m
49
. In 134m
in 115m ‘
In. 115
lodine 1126
- {53) o
1129
1131
I132
1133
1134
1135
Iridium ir'190
a7
ir 192
Ir 194
Iron - Fe 55
(26)
Fe 59
Krypton2 Kr 85m
(36) Kr 85
Kr 87
Lanthanum La 140
(57)
Lead ) Pb 203
(82) .
Pb-210
Pb 212
Lutecium Lu 177
1)
Manganese Mn 52
(25) .
. Mn 54
Mn 56
16

) 7

YL = U U v gy e e 0y

o

Sub
Sub
Sub

1 R R Rl R L R T BN 7 N Y

Column 1 Column 2

AIR
(ue/ml)

5 x 16-7
4 x 10-7
2 % 16-7
2 x 10.7
1% 10-5
6 x 10-6
1x 10-6
6 x 10.7
3 x10-7
2 x 10-7
1x10-6
8% 10-7
4 x 10-8

7 x 10-8 -

2 % 10-7
2 x10-7
5x 10.6

.2 x 10.3

8 x 10-6
7%.10-6
1x 107
2 x 10-8
2 x 10-6

2% 10-6

2 x 10-7
3x10-8
8 x 10-9
3 x 10-7
2 x 10-9
7 x 10-8
9 x 10-9

3 x 10.7
2 x 10-7
9 x 10-7
3x 10-8
2 x 10-7

T 5x10.7

3 x 10-6
1x:07
4 % 10-7
1x10-6
4 x 10-7
1x 1T
3xin R
2x 10-7
2 x 10-7
9 x 10.7
1x 10-6
1x10-7

4 % 10-8
8 x-10-7

WATER
{uc/ml)

8 % 10-5
8 x 10-5
4 x 10-5
4 x 10-5
2 x 10-3
2x10-3
2 x 10-4
1% 10-4
5 x 10-5
5 x'10-5
2 x.10-4
2 x 10-4

7-%:10-5

7 x 10-5
3 2°10-5

3 x10-5

3% 10-3

1.x10.3
1x.10-3
2 x 10-5
2 x 10-3
A4 x 10-4

-4 x 10-4

9 x 10-5
9 x'10-5
2 x 10-6

9 x 10-5

4 % 10-7
2% 10-4
2 x 10-6

6 x 10-5
6 x 10-5
2 x 10-4
7 x 10-6
4 x10.5
1x10-4
6 x 10-4
2 x 10-5
7% 10-5
2 x 10-4
2 x 10-4

7y 10.5
7 % 10-5
4. 10-4
4 % 104
1x 10-7
2 x710-4
2 x 10-5
2 x 10-5
1x10-4
1 x10-4
3 x16-5
3 x 10-5
1x 10-4

S 1x10-4

1x 10-4

Column 3
AIR
{uc/ml)

2 x 10-8
1x10-8
8 x 10-9
6 x 10-9
4 x 107
2 x 10-7
4 x 10-8
2 x 10-8
1% 10-8
8 x 10-9

-4 % 10-8

3 x10-8
1 %:10.9
3x.10-9

7 x.10-9
6 x:10-9

2 x10-7
4 x 10-5
3x.10.7
2 x10-7
4 x 10-9
7 x '10-10

‘8 x 10-8
6% 10-8

9 x 10-9
1x10.9
3x 10-10

.1x 10.8

6 x 10-11
2x10-9
3x 10-10

‘1% 10-8

2 % .10.9
3 x 10-8
1x10-9
7 x 10-9
2 % 10-8
1 x 10.7
4 % 10-9

1n10.8

4 x 10.8
1 x 10-8
4 x.10-9
9 x 10-10
8 x 10-9
3 x 108
3% 10-8
3 x 10-8
5 % 10.9
2 x 10-9
1x 10-7 )
3x10-7
2% 10.8

5 % 10-9 -

4 x 10-9
9 x 10-8
6 x 10-8
4x10-12

.8 A 10-12

6 x 10-10
7 x'10-10
2x10-8
2 x 10-8
7 x 10-9
5 x 10.9
1x 10-8
1x 10.9

3x 10-8 .

ELEMENT
{atomic number)

“Mercury

(80)

Molybdenum
A2
Neodymium

(60)

ISOTOPE!
Hg 197m
Hg 197

Hg 203

Mo 99

Nd 144

‘Nd 147

©Nd149

o - Neptunium

e3)y

Np 237

Np 239

“Nickel

~(28)

Ni 59

L Ni65

Niobium

Nb &3m
. {Columbium) . .

SO v NB9S

Nb97

‘Osmium

- (76)

“Palladium

{46)

“‘Phosphorus

A(15)

- Platinem

8

Os 185 |
Os 191im
Os 191
Os 193

‘Pd 103

<Pd 109

P32

CPtdel

Pt 193m

‘Plutonium
€94y

Pt 193

Pt 187m

Pt 197

C Pw238

Pu239

Pu 240

. Pu 241

Polonium
B4

CODE OF STATE REGULATIONS

Pu 242

Po 210

Column 1 Column 2

AlR
{uc/ml)

" 5% 107

7 x 16-7
8 x i5.7
1x10.6
3x106
7 x 10.8
1x 10-7
7% 10-7
2x 10-7
8 x 10-11

“3 x 1010

4 x 106-7

2x 10-7
2 x 106
“1x 10.6

4 x 10-12
1x10-10
8 x 10-7
7 x 10-7
5 x 10-7
8 x 10-7
6x 10-8
3 x 10-7
9x 18.7
S x 107
1x 10.7
2x 10-7
5 x 16.-7
1x 107
6x 10-6
5x 10-6
5x 107
5x 10-8
2 x 10-5
9 x 10.6
1x 10-6
4 x 10-7
4 x 10-7
3x10-7
1x 10.6
7 x 10-7
6 x 10-7
4 x 10-7
7 % 10-8
8 x 10-8
8 x 10-7
6 x 10.7

7 x 10.6
5 x 10-6
1x10.6
3x 10-7
6 x 10-6
5x 10-6
8 x 107
6x 10-7
2 x 10-12

"3.x.10-11

2 x 10-12
4 x 10-11
zx10-12
4 x ;p-11
9 x 30.11
4 x 10-8

C2x 10-12

4 x 10-11
5 x 10-10
2x IQJO

WATER
{uc/mi)

1ox id-d
2 x 104
I % iU
3x 104
5 % 10-4
2% 10-5
1x10-4
Z2x 104
4 x 105
7 x 16-3

8 x 10-5°

6 x 10-5
6 x 10-5
3 x 10-4
3 x 104
3 x 10-6
3x165
1 x 104
1.x 104
2x 104
2x 103
3% 10-5
7% 104
1.x 104
1x 104
4 % 30-4
4 x10-4
1x 104
1x 104

8% 10-4

‘9 x 10-4
7. x 10-3
7x 10-5
3 x 103
2 x 10.3
2 x 104
2 x 104
6 x 10.5
5 x 10-5
3x 104
3 x 104
9% 10-5
7 x 10-5
2 x 10-5
2 x 10-5
1x 104
1.x 10-4

1 x 303
1x10-3
9 x 10-4
2 x 10.3
1 x 10-3
9 x 10-4
1x10.4
1 x 10.4
5% 10-6
3 x18-5
3 x 10-6
3 x10-5
55 18-6
3x 105
2 x 104
1x10.3
5 x 10.6
3 x 10-5

7 % 10-7

3 x 105

Column 3
AIR
{uc/ml})

2 x 10.8
3x 10-8
3 x 10-8
4 x 10-8
9 x 10.8 -

2 x 10-9
4 x 10-9
3x 10.8
7 x 10-9-
3 x 10-12
1x10.11
1 x 10-8
8 x 10-9
6 x 10-8
5x 10-8
1x10-13
4 x 1012
3 x10-8
2 x 16.8
2x 10.8
3 x 10-8
2 x 10.9
1x 10-8
3x 108
2 x10-8.

4 x 10:9

5 x 10-9
2 x 10.8
3x 109
2 x 107
2x10-7
2% 108
2x°10.9
6 x 10-7
3x10-7
4 % 108
1x10.8
1x10-8
9 x 10-9

5 x'10-8

3 x 10-8
2 x 10-8
1x 1.8
2x 10-8
3x10.9
3 x 1p-8
2 x 10-8
2x10-7
2 x 10-7
4 x 10-8
1x 10-8
2 x 10.7
2 x 10.7
3x 10.8
2 x 10-8
7 x 10-14
1x10-12
6 x 10-14
1 x 10-12
6 x 10-14
1% 10-12
3x10.12
1x 10-9

6x 10-14
1x 10-12

2x10-117
7% 10.‘12’ -

MSD 000573



Chapter 90—Protection Against Ionizing Radiation 13 CSR 50-9

SRR

0

' B

Column 1 Column 2 Column 3 Column 1 Column 2 Column 3

ELEVENT AIR WATER  “AIR ELEMENT AR WATER ~ AIR
(atomic number) ISOTOPE!? (ue/mi)  (ue/ml) {uc/ml) {atomic number) ISOTOPE! (me/ml)  {ec/ml) | (uc/ml)
Potassium K 42 S 2x10-6 3x104 7x108 Silver Ag 105 S 6x107  1x104 2x10-8

a1 T 1x106-7 2x10-5-4x109 {47y I 8%10-8 1x104 3x10-9
Praseodymium Pr 142 S 2x10-7 3x105 7x10:9 Ag 110m S 2x107 0 3x105 7x10.%
(59) 1 2x10-7 3x10-5 5109 I 1x10-8 3x105 3x10.10
Pr 143 S 3x10-7 5x10.5 1x10.8 . Ag 111 S 3x107 4x1053 1x 108
1 2x10-7 R"Re1p™ 2105 I 2x10-7 4%103 8x 18-
Promethinm Pm 147 § 6x10.8  2x 10 3y 10.9 Sodiam Na 22 S 2x10-7 4x105 6x 109
(61) I 1x107 2x10-4 3x10.9 an 1 9x10%  3x10-5 3x18-10
P 149 S 3x10.7 4x10-5 1x10.8 : Na 24 S 1x106 2x10-% 4x10-8
1 2x107 4xipS5S 82109 1 1x107 3x105 5x105
Protoactinium  Pa 230 S 2x109 2x10-4 6x 1011 Strontium St 85m S 4x10-5 7x10-3 1z10-6
91) I 8x10-10 3x304 3% 1011 (38) 1 3x105 7x103 1x10.6
Pa 231 S 1x10-12 9x1p.7 -4 x 1014 : Sr 83 $- 2x10-7 1.t axi1n9
I 1x10-30 2x 105 .4 x70.12 » 1 1x107 [ .ond o4y 10.9
Pa233: 'S .6x10-7- 1x104 2x10:8 . 5189 S 3x10-8°1x10-5 1x10.9
1. 2x107 1x10-4 -6x109 1 4x108  3x 105 1x10.9 -
Radium Ra 223 S 2x2109. 7x107 6x106:11 S Sr 90 S - 3x16-10 1x107 "1x10.11
(88) 1 2+ 45100 8x10-12 v I 5x109 4x106-5 2x.10-10
Ra 224 S 5x15-% 2x106 2x1pA0 $r 91 S 4x10-7 7x105 2x.10-8
T 7x10-10 5x106 2y 10-11 ’ 1 3x16-7 5x105 9x10.9
Ra226 S - 3x10-11 1'x%10:81 x 1012 . S92 5 4x167 7x10-5 2x10-8
. 1 2x10-7 3% 10-5-6x10-9 = 1 3x10-7 6x103 1x10-8.
Ra228 S 7x10-11 3%108 2x 1012 S““(‘;’ﬁ) $35 - 15 g X ig’; bx ig’i g" ig:g _
I 4x10-11 3x105  1x 1012 S o Xoro TR
Rad Ra 220 s 33107 T I %108 Tantalum T=:182 S 4x10-8 4x 10-5 1 x 109
adon B ¥ b L A XU 3) 1 2x108 4x105 7x10:10
88) Re222 b 3x10E T 1xT08 Techmetion  Te96m S 8x105 1x102 3x106
— . ‘ P g (433 I 3%105 1x102 1x106
Rhenium Re 183 $ 3x106 " 6x104° 9x108 Te 96 S 6x107  1x10-4 2x 108
(75) ’ 1 2x107 3x104 5%109 I 23107 5x105 8108
e Re 186 S 6x107 9x105 2x10.8 : x x x30-2
. ot , e . ; Tc '97m S 2x10-6 4x104 8x108
. I 2x107 5%1065 8=%109 . I 22107 24104 - 9
. x 10/ 0 2x 104 5 x 100
Re 187 S 9x10-6 3x10-3 3x10.7- R Te97 S 1x105 2%103 4107 -
: 1 5x107 2x103 2x10-8 L 32107 Ba104 1x108
1 x 10- 8 x 10-% .1.x 10-
Re 188 S 4x107 6x105 1x1p8 T 5 e ek
} B = <-59m S 4x16- 6 x lg-v- a2
, I 2x107 3x10-3 6x102 I 1x105 3x103 ‘5% 167
Rhodium Rh 103m S 8x10-5 1x10.2 3x10.6 Tei99 S 2x106 33104 7x 105
@5) 1 6x10-5 1x10-2 2x 106 ¥ / "
Rh 105 S B8x10-7 1x104 3x108 1 6x10-8 2x104 2x10.8
’ I 5x10-7 1x104 2x10-8 Tellurivm Te 125m S 4x10-7 2x104 1x10-8
Rubidjum Rb 86 $ 3x10-7 7x105 1x10-8 {52, . 1 1x10-7 1x10-4 -4x10.9
(B7 C 10 7x10-8 2x165: 2x 109 . Tel27m S 1x10-7 $x105 5x10.9
v Rb 87 $ 5x10-7 1x104:2x10:8 S 01 4x10-8 0 5x10-5 1x10-9
B 1 7x10-8 2x104 2x109 : “Te 127 S 2x106 33104 6x10.8
Ruthenium Ru 97 S 2x10-6 4x104 Bx10-8 Ce : I 9x10-7 . 2x104 3x10.8
44) 1. 2x16-6 3x10-4 6x10.8 Te12%m S 8x10-8 3x10-5 3x109
‘ ‘Ru 103 S, 5x106-7 8§x10-5 2x10.8 1. 3x108 2x1055 1x1p-8
Coom I 8x10-8 8x16-5 3x109 R Te 129 S 5x1p6 Bx10-4 2% 107
Ru 103 S 7x10-7 1x10-4 2x108 ‘ T 421086 g8x10-4 1x107
: I 5x10-7 1x104 2x108 Te 13Im S 4x107 Bx10-5 1x108
Ru 106 s 8x18-8 1x10-5 3x109 1 2x107 4x10-5 &x10.9
1 6x10-9 1x10-5 2x1010 Te 132 S 2x10-7 3x10-5 7x10.9
Samarium Sm 147 s 7x10-11 6x10-5 2x1p-12 1 1xi107 2x105 43x109
62) T 3x10-10 7x10-5 9x10-12 Terbium Th 160 S 1x10-7 4x10-5 3x109
Sm 151 S 6x10-8 4x104 2x109 (63) I 3%108 4x105 1x109
I 1x10-7 4x104 5x10-9 Thallivm T1 200 S 3x106 4x104 9x10-8
Sm 153 § 5x10-7 8x10-5 2x10.8 (1) I 1x165 2x104 4x10-8
. 1 4x10-7 8x10-5 1x10-8 T1201 S 2x106 3x104 7x10-8
Scandium Sc .46 $ 2x10-7 4x10-5 §x10.9 I 9x10-7 2x104 3x10.8
21 : 1 2x10-8 4x10-5 8x10-10 T1 202 S 8x10-7 1x1i0-4 3x10.8
Sc 47 S 6x10-7 9x10-5 2x 108 I 2x107 7x10-5 8x1p9
I 5x107 9x10-5 2x10-8 T1 204 S 6x107 1x10-4 2x10.8
Sc 48 S 2x10-7 3x105 6x10-9 I 3x10-8 6x10-5 9x10-10
I 1x10-7 3x10-5 5x10.9 Thorium Th 227 S 3x10-10 2x105 1x10-11
Selenium Se 75 S 1x10-6 3x104 4x10.8 {80) 1 251010 2x10.5 6x 1012
(34) 1 1x10-7 3x10-4 4x10.8 Th 228 S 9x10-12 7x106 3x10-13
Silicon Si 31 § 6x10-6 9x10-4 2x10-7 1 6x1012 1x105 2x10-13
(14 1 1x10-6 2x104 3x10.8 ' L
CODE OF STATE REGULATIONS : 17
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e &1 CSR 50-90~SOCIAL SERVICES Division 50—Division of Health

A g

Column 1 Column 2 Column 3 Column 1 Column 2 Column 3

ELEMENT AIR WATER AIR ELEMENT AIR WATER AIR
{(atomic number) ISOTOPE! (e/ml)  (ue/ml)  {uc/ml) {stomic.number) ISOTOPE! (ue/ml)  fuc/ml)  (uc/mb)
Th 230 S 2x1012 2x106 gx10.14 21 97 S lx i@; 2x ‘“‘2 dx “"2
I 1x10-11 3x10.5 3% 1013 CT o 9x108 25105 3x10-
Th 231 s 1x10-g 2x104 5x10-8 v .
h 732 é ;z ig:n § x ig:g ;: ;3:54 'EXPLANATORY NOTE: These concentrations may be modified
1 1x 10_'11 4x10:5 4 x 10.13 to conform to recommendations promul-
Th234 S 63108 2x105 21109 gated by recognized and suthoritative
1 3x10-8 22105 1x 10.9 national and intemational agencies,
Thpateral § 221012 145 1p6 ¢x10.14
1 4x10-12 12105 1x 1013
Thulium Tm 170 S 4x10-8 5x130.5 1x10-9 R
(69) I 32108 5x105 1x109 - - oo i Appendix 11
‘ Tm 171 5 1x10-7 5x104 4x10.9 .o . RADIATION SYMBOL
I 2x10-7 5x10-4 8x10-9 - T T o
“Tin Sa 113 S 4x10-7 -9x10-5 “1.x 10.8 : » ) s
- (50) I 5x10-8 8x 105 2% 109
Sn 123 S 1x107 2x105 4x109
‘ I 8x10-8 "2x10.5 3x7109
Tungsten W 181 S 2x10-6 4x10.4 8x 108
(Wolfram) o T 1%10-7 "3x10-4 4 x10-9
(74) W 185 $ 8x10-7 1x104:3x10.8
s 1 1x107 “1x7104 42309 °
"W 187 S 4x10-7 7x105 2x108 .
‘ I 3x107 6%10:5 -1 x 108
“Uraniam U 230 S 3x10-10 55206 1x30.11 -
32 1 1x10-10 5x106-4x10-12
7.232 S 1x10-10 3%10.5 :3%x:10-12
s 1 3x10-11 33105 951013
- 233 S 5x10-10 3 x10.5 24 1011
: I 1x10-10 357105 & x30.12
U234 S 6x10-10 33105 2410.11
1 1x10-10 3105 44 10.12
U 235 S 5x10-10 33105 2x10-11
. I 1x10-10 3x105 4x10.12
U 236 S 621010 3x105 2x1011
: I 1x10-10 3x105.4%1012
U 238 S 7x10-11 4x10-5 34 10-12
: 1 1x10-10 43105 5x310-12..
U natural S 7x10-11 232105 3x10-12
I 6x10-11 2x105 2x1p-12
Vanadium Vv 48 S 2x10-7 3x105.6x10-9 -
23) . I 62108 3x105 2x10.9
‘Xenon Xe 13lm  Sub 2x 10-5 - 4 % 10-7
(54) Xe133  Sub 1x10-5 _— 3x10-7
Xe 135  Sub 4 x10-6 -7 A A0T e
Yttetbium ¥b 175 S 7x10-7  1x104 2x20-8 o T
) I 6x107 1x104 2x10-8 .
Yitrium Y50 $ 1x107 2x105 4x109
(39) : I 12107 2x105 3x10.9
Y 91m 'S 2x10-5 3x103 8x10.7
I 2x10-5 3x108.3 6x10.7
Y 91 S 4x10-8 3x10.5 1x10.9
1 3x10-8 3x10-5 1x109
Y 92 S 4x10:7 6x105 1x10-8
1 3x107 6x10-5 1x10-8
Y 93 S 2x10-7 3x10-5 6x10.9
I 1x%107 3x105 5x10-9
Zinc Zn 65 S 1x10-7 1x104 4x10.9
(30) I 6x10-8 2x104 2x109
Zn 69m S 4x107 7x10.5 1x10-8
1 3x10-7 6x10-5 1x10-8
Zn 69 $ 7x10-6 2x10.3 2x10-7
. I 9x10-6 2x103 3x10.7
Zirconium Zr 93 $ 1=x107 8x10-4 4x10.9
(40) I 3x10-7 8x104 1x10.8: , : D .
Zr 95 S 1x10-7 6x10-5 4x10.9 L e I TR T ) LT
i 3Ix 10.8 & x:l(}.s 1w 10_9 LR, " S e : r ” PR Sty T TR
18 CODE OF STATE REGULATIONS -
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Ch. 182 DIVISION

OF HEALTH  § 182.400

Historical Note

The 1949 revision substituted “di-
vision of health” for “state board of
health.”

Prior to the 1931 amendment, the
.opening portion of this scetion read
ns follows: “Any person or persons
violating, 'refusing or neglecting to
.obey the provisions of sections 102.-
260 to 192.320 or any of the rules and
regulations or precedures made by
" the division of health in accordance

«vith said sections ®* *= *”; .and
‘the -clause which mow reads *‘or who
jnvades or breaks -quarantine” read

Rection 102.210 was repexled coin-
cident with the 1351 amendment of
£:192.320.

“The amehdment of 1961 substituted
*invades™ for “evades™.

Prior Laws and Revislons:

1.8.1920, § 9030. .
R.S.1919, § 57S6.
1.1919, p. 874.
“R.S.1909, § 6662.
1R.S.1899, § 7529,
12.8.1889, § 5434

A.18%3, p. 98,318
“ugr o who sevades ror sbreaks quaran- Sl
~tine",

Library References
Health &=37. o0 CJS. Health §20 et seq. . -

P i - .. . PN . . - s R

192.400. ~ Definitions
The following words and terms as used in sections 192.400 to
2.490 mean: ‘ .

‘- (1) “Committee on Radiation Control”, a subcommxttee of the
~M;ssour1 Atomic Energy Commission; ,

(2) “Radiation”, any or all of the fol]owmg forms of ionizing
radiation: gamma and X rays, alpha and beta particles, high
speed -electrons, neutrons, protons and -other nuclear or:atomic
particles or rays,.and other radiant energies including, by way-of
extension but not of limitation, radium, strontium 90, cesium
137 and cobalt 60, but radiation .as herein defined does not in-
ciunde sound or mdlo waves or \'1sxb]e mfrared or, uTtrauolet
light;

(3) “Radiation machine”, any device that produces radiation;
]

(4) “Unnecessary radiation”, the use of radiation as herein
defined in such 2 manner as to be hazardous to the health of the
people or the industrial or agriculfural potentials of the state.

(L.1963 p. 359 § 1)

12 V.AMS. 5 65
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§ 192.400 pUBLIC HEALTH AND WELFARE Title 12

Historical Note

relating to prevention and probibi-

An Act relating to radiation pro- tion of  URNRECESSary ragdintion and
tection and control, creating a com- providing & penalty for tiolation of
mittee on radiation control and pre- provisions of this act. Laws 1963, p.
seribing functions, powers and duties 339

Title of Act:

Cross References

Atomic energy commission generally, see § 324.010 et seq.
Southern interstate nuclear compact adopted, see § 324.060.

Library References
' C.1.S. Health § 8 et seq.

Tealth &6,

192.410. Powers and duties of division

The division of health, with the guidance and advice of the
comrmittee on radization, shall

(1) Develop comprehensive policies and Programs for the
evaluation and determination of hazards associated twith the use
of radiation and for their abatement or elimination;

(2) Employ, and, if necessary, train the personnel needed to
carry out the provisions of sections 192.400 1o 192.490;

(3) Advise, consult and cooperate with other agencies oﬁ this
state, the federal government, other states, and interstate agen-
cies, and with affected groups, political subhdivisions and indus-
tries in furtherance of the purposes of sections 192.400 to
192.490;

(4) Accept and administer loans, grants or other funds or
gifts from the federal government and from other sources, pub-
lic or private, for carrving out any of its functions;

(3) Encourage, participa{e in or conduct studies, investiga-
tions, training, yesearch and demonstrations relating to the con-
trol of radiation hazards, the measurement of radiation, the ef-
fects on health of exposure to radiation and related problems as
it nay deem necessary or advisable for the dizcharge of its du-
ties under sections 192.400 to 192.490 or £or the proteciion of
public health;

(6) Collect and disseminate information relating to the deter-
mination and control of radiation exposure and hazards;

(7) Review and approve plans and specifications for radiation
sources submitted pursuant to rules and regulations promulgated
_under sections 192.400 to 192.490; : -

» © 66
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Ch. 192 DIVISION OF HEALTH § 192.430

() Inspect radiation sources, their shielding and immediate
surroundings and records for the determination of any possible
radiation hazard and may examine any records or memoranda
pertaining to the question of radiation machines and the use of
radicactive materials.

(1.1963 p. 359 § 2) .

Cross References

Atomic energy commission,
Assistance from other agencies, see § 324.040.
Duties and powers, see § 324.030. .
Federal grants for public health work, see 42 U.S.C.A. § 246,
Library References

Health C=6. C.J.8. Health § 9 et seq.

192.420. Division to make rules—hearing—notice
1. The division of health shall administer sections 192.400 to

192.490 and may, with the approval of the committee on radia--

tion control, formulate and promulgate rules on radiation, in-
cluding registration of radiation sources and machines, as may
be necessary to prohibit and prevent unnecessary radiation.

2. No rule or regulation shall be adopted except after a pub-
lic hearing to be held after ten days prior notice by public adver-
tisement of the date, time and place of the hezring and opportu-
nity given to the public to be heard.

3. XNo rule or regulation shall become effective until thirty
days after its adoption and persons heard at the public hearing
given written notice of the determination made by the division of
health. '

(L.1963 p. 359 § 3)

1.lbrary References
Health =20, . - © C.J.8. Health §§ 2, S et seq.

192.430. Radiation sources to be kept safe

All sources of radiation shall be shielded, transported, han-
dled, used and kept so as to prevent all users thereof and all per-
sons within effective range of them from being exposed to un-
necessary radiation.
(L.1963 p. 359 § 4)

f.1brary References
Health €28, C.J.S. Health § 21
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§ 192.440 PUBLIC HEALTH AND WELFARE Title 12

192.440. Unregistered use or possession of radiation pro-
ducers unlawful—use or possession contrary to
law or regulations unlawiul

1. Itis unlawful for any person to produce radiation, or pro-
duce, use, store or dispose of radioactive materials or radiation
machines, or to modify, extend or alter these activities unless he
registers in writing with the division of health in accordance with
the procedures prescribed by the division, except that the divi-
sion may exempt from registration certain classes of radiation

_machines or radioactive materials known to be without hazard.

2. It is unlawful for any person to produce radiation, or to
produce, use, store or dispose of radioactive materials or radia-
tion machines except in accordance with sections 192.400 to
192.490 and the rules and regulations adopted pursuant to these
sections.

(L.1963 p. 359 § 5)

Library References

Health 28 C.J.8. Health § 2L

192.450. Division to order abatement of violations—agents
may inspect—data confidential

1. Whenever the division of health finds, upon inspection and
examination of a source of radiation as constructed, operated or
maintained, that there is a violation of any of the provisions of
sections 192.400 to 192,490 or of any of the rules or regulations
promulgated under these sections, the division shall notify the
person found to be causing, allowing or permitting the violation
of the nature of the violation and order that prior to a time
fixed by the division, which time shall not be later than thirty
days from the date of service of the motice, the person shall
cease and abate causing, allowing or permitting the violation and
to take such action as is necessary to comply with sections
192.400 to 192.490 and the rules or regulations promulgated un-
der these sections. ;

2. Agents of the division of health charged swith the enforce-
ment of the provisions of cections 192.400 to 192490 have the
right of entry and free access at reasonable times to any build-
ing or structure for the purposes of inspection and exsmination.

3. All data obtained as a result of registration, inspection or
investization shall be kept confidential by the division.
(1.1963 p. 359 § 6)
68
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Ch. 192 DIVISION OF HEALTH § 192.480

Cross References

Trreasonable search and seizure, prohibited, see Const. art. 1, § 15,

Library References

Health &=13. C.J.S. Health § 21 et seq.

192.460. Emergency orders—compliance required—hearing

Whenever the division of health finds that an emergency ex-
ists requiring immediate action to protect the public health or
welfare, it may issue an ovder reciting the existence of an emer-
gency and regquiring that such action be taken as it deems neces-
sary to meet the emergency. The order shall be effective imme-
diately. Any person to whom the order is directed shall comply
therewith immediately, but on application to the division shall be
afforded a hearing within ten days. On the basis of the hearing
the division shall continue such order in effect, reveke it, or
modify it.

(1.1963 p. 359 § 7)
Library References
‘Health &=9 et seq. C.J.S. Health § 11,

192.470. Judicial review

Anv person aggrieved by any finding or order of the division
under sections 192400 to 192.490 may appeal as provided in
chapter 536, RS}Mo.

(L.1963 p. 359 § 8)

H

Cross References

Review of administrative findings or orders, see V.AJE,, rule 100.01 et seq.

Library References
Health =0, C.1.8. Health § 11.
192.480. Law not to Iimit medical use of radiation

Nothing in sections 192.400 to 192.490 is interpreted as limit-
ing intentional exposure of persons to radiation for the purpose
of diagnesis or therapy, or medical research, as authorized by
law. ’

(L.1963 p. 859 § ©)

f.ibrary References
Health ¢&=28, C.J.8. Health § 21.
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§ 192.450 pUBLIC HEALTH AND WELFARE Title 12

192.450. violation of law or regulation, misdemeanor—in-
junctive relief

1. Any person who violates any of the provisions of, or fails
to perform any duty imposed by, sections 192.400 to 192.490, or
who violates any rule or regulation of the division of health pro-
mulgated pursuant to sections 192.400 to 192.490, is guilty of a
misdemeanor and, in addition, may be enjoined in a civil action
by a court of competent jurisdiction from continuing the viola-
tion. ’

2. Each day upon which the viclation occurs constitutes a
separate violation.

3. The attorney general, on request of the division of health,
shall bring an action for injunctive relief to prevent the viola-
tion of the provisions of sections 192.400 to 192.490 or rules or
regulations promulgated under these sections.

(L.1963 p. 359 § 10)

Cross References

Attorney general’s duties, see § 27.030 et seq.

Injunctions, generally, sce § 526.010 et seq.; V.AALR., rule 92.01 et seq.
Library References

C.J.8. Health § 28 et seq.
C.J.S. Injunctions § 123 et seq.

Health C=37.
Injunction &=80(2).
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ENV!RONME!{TAL PROTECTION

40 CFR Part 192
[AH-FRL 1610-4] N

¥

Froposed kDEsposa! Siaridards for
Inactive Uranium Processing Sites;
invitation for Comment

AGENCY: U.S. Envxronmental Protection
Agency. -

&acTion: Proposed ru!e and extensxon of
comment period.

SUMMARY: The Environmental Protection

~ Agency (EPA] requests comments on

proposed siandards for disposal of
residual radicactive materials {mamly
iaxhngc} from inactive uranium
processing sites. EPA has developed
these standards pursuant to Section
275{a} of the Atomic Energy Act, 42

7 U.8.C. Section 2022(a), as added by

Section 206(a} of PL 85-604, the Uranium

- Mill Tailings Radiation Control Actof
1978. PL 95-604 requires the Department

of Energy to conduct remedial actions
for designated inactive uranium

* processing sites in accordance with -

standards promulgated by EPA:

The proposed standards apply fo
disposal of tailings which qualify for
remedial actions under Title I of PL 85~
604, and set limits on their radon release
to the atmosphere and on water ’
contamination. The standards also
require tailings to be disposed of ina .. .

- wady that provides a reasonable

; sansﬁed for at least one thousand years.” "

expectation that these limits willbe ™ -

‘We have already proposed standards
for the cleanup of open lands and . .~
buildings contaminated with residual .

‘radioactive materials from inactive
uranium processing sites (45 FR 27370~ -

27375, April 22, 1950). The cleanup
standards were also made immediately

" effective as interim standards pending -
public review and promulgation of final.

standards {45 FR 2736627368, April 22,
1880). We are hereby extending the
comment period for the cleanup
standards we proposed earlier so that it’
will coincide with the comment pemod

" for the disposal standards. -

Additional background material for
the propesed cleanup and disposal
standards is given in a Draft
Environmenial Impact Statement {EIS)

that EPA is issuing. Copies of an earlier .-

version of the draft EIS were placed in
the Docket and in Reading Rooms at -
EPA’s Regional Offices when the

. cleanup standards were published. In

addition io this request for written
comments, the Agency will shortly
announce the time and place of hearings

" 20460; telephone number 703-557-8927

1. Introduction &

'developed by EPA at the direction of <
_Congress in-order to protect public
_health, safety, and the environment from.-
. uranium mill tailings produced at’ .
* processing sites which are now inactive.

 remedial actions necessary for this
-protection: cleanup and disposal. The
- ¢leanup process reduces the potential’
- health consequences of tailings which
_have been dispersed from their original

" which places the tailings themselves in’
.--a condition which will be safe fora long
) hme The disposal site may be at the
original location of the tailings, oranew
one. Standards are proposed here for the'

at wh;ch interested persons may present
comments on both the previously -

""" proposed cleanup standards and these e
. disposal standards.

" pate: Comments on both the tleanup

standards end the disposal standards
should be received on or before May 11,
1981.

£DDRESS: Comments on the pmposed
cleanup and disposal standards should
be submitted to Docket No. A-78-25, -
which is located in the Environmental
Protection Agency, Central Docket

_Section, West Tower Lobby, 401 M

Street SW., Washington, D.C. 20460,

Single copies of the Draft Envxronmental

Impact Statement (EPA Report 520/4-
80-011} may be obtained by writing to -
the address given below.’

Dr. Stanley Lichtman, Criteria &~ ° -
Standards Division (ANR-460}, Office of
Radiation Programs. 1.5, Environmental .
Protection Ageqcy, Washington, D.C. =

SUPPLEMENTARY INFORMATION. -

" The proposed standards were

There are two major parts of the

location on a tailings pxle or used in *
construction. Disposal is the operation

disposal aspec;s of the remedml ;
:Ln:tionsﬁ R SR S

* *The cleanup standards (aubpurt B and Subpart
C) were proposed earlier (45 FR 27370-27375, April
22, 1980}, and simulanecusly.also were declared ;
immediately effective as interim slandards (45 FR ~
27366~-27368, April 22, 1680). We issued interim © -
cleanup standards in order to have standards in
effect as scon as possible, because some buildings -
have been found where tailings are causing

.. radiation levels that are very hazardous to anyone -
- -exposed to them for long times. Public Law 95-804 ..
- precludes undertaking remedial sction before EPA - -

has promulgeted standerds. The interim cleanup

standards permit the Department of Energy o clean. -

up open lands and buildings under PL 95-604 to
alleviate these problems. In addition to having
issued interim cleanup standards, however, we are

“ following the public review process contemplated. . -

by PL 95-604 for promulgating final cleanup -
sltandards. '

in this notice we propose disposs! standards and
invile the public to comment on them. For the

.- convenience of the reader, we are restating here -

In order to carry out our responsibility

- -under PL 95-604 to set 3enerally

- applicable standards for uranium mill
tailings, we have examined their

potential public health and

environmental impacts. This

-examination established the radiological
~and nonrad:olog;cai characteristics of

taxhngs which require control.
Tailings are hazardous primarily

" because: 1) breathing radon and its
_*decay products exposes the lungs to
- alpha particles; 2) the body may be

exposed to gamma rays; 3) radioactive
materials and nonradicactive toxic

. elements from tajlings may be
~swallowed with food and water. The

“:radiation hazard from tailings lasts for
,f.many thousands of years, and
“ nonradioactive toxic elements persist

FOR FURTHER INFORMATION CGNTACT’ i f'~‘1‘“‘mdefmitely The longevity of these

hazards played & major role in
determmmg the proposed standards.
-Although the available data are
coneistent with many models, we
believe that a linear, nonthreshold dose-
effect relationship is a reasonable basis
for deriving estimates of radiation risk

* 1o the general public and for

establishing regulations. This model

- assumes that any radiation dose
...presents some risk to humans and that

the risk of low doses is directly -
proportional to the risk demonstrated at

. higher doses. We recognize, however,

that the data preclude neither a

* threshold for some types of radiation

below which there is no damage to
people, nor the possibility that low
‘doses may do more damage 1o people
than the linear model implies.

‘The alpha particles from inhaled
radon decay products can cause lung

..cancer. Also, garama rays can cause

cancers, teralogenic effecis, and genetic

: damage. Our health risk estimates are

based on our review of epidemiological

: gtudies conducted in the Uniled States
-and other countries of underground

miners of uranium and other metals who

have been exposed to radon decay

products, and on three reports: The
Effects on Population of Exposure to
Low Levels of lonizing Radiation (1972)
Health Effects of Alpha Emitting
FParticles in the Respiratory Tract {1976]
by the Advisory Committee on the

- Biological Effects of lonizing Radiation

of the National Academy of Sciences

.- (the BEIR Committee), and the report of

the United Nations Scientific Commitiee
on the Effects of Atomic Radiation
entitled Sources and Effects of lonizing
Radiation (1977). Details of our risk
estimates are provided in Indoor

: Radiation Exposure Due to Rodium-226

some backgronnd material from our mrhr-r notice -

- proposmg cleanup standards
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- in Florida Phosphate Lands (EPA 520/4-

8-013} and in the Draft Environmental
- Impact Siatements (EIS) (EPA 520/4-80~
1), ,
Data from studies of underground
# miners lead to uncertain risk estimates -
for exposure {o radon and its décay

L products. This uncertainty is increased

when the data are used to estimate the -

- tisk to the general population, -
‘Nevertheless, we believe the - .~

information is sufficient to give a basis
for public health standards. For gamma
ray exposure standards the data base is
very Jarge and good, but again involves
extrapolation for application to tailings.
Oftentimes it is not possible to
remove all the risk to people exposed to
radiation or many other hazardous
materials. In deciding how much we

- should attempt to reduce the risk, we

onsidered the longevity, efficacy, and
osts of remedial actions for uranium

~mill tailings as well as the level of risk.

We also considered things which are not

~easily quantified, such as equity of risk

istribution, and administrative v
ifficolties. Finally, we considered the
verall implementation costs and
rotection offered by alternative
tandards to determine those which are
108t reasonable. :

. EPA’s mandate is to set standards
which apply to any site and method of
ontrol. Therefore, our analyses of
echnology, costs, risk, and other-.

*pertinent factors emphasize the general
. characteristics of uraniwm mill tailings

nd their control. The law gives other
gencies of Government the anthority to
ecide how.these standards will be
atisfied at specific locations. They will
ssue site-specific Environmental Impact
Statements where they are required
nder the National Environmental Policy
Act, or an Environmental Assessment
will be ’prepared to delermine whether
uch an EIS is reguired. -

. The information, reasonmg. and
udgments which lead us todssue these
particular proposed disposal standards
or tailings piles at inactivé uranium
processing sites are sumrnarized below.
Additional background information and
more complete presentations of our
reasoning and judgments are given in
the Draft Envwanmenial meact
Statement.

11 Disposal of Tailings

In PI, 95-604, the Congress stated ils
findings that tailings ". . . may pose a
potential and significant radlanon
health hazard to the public,. . .and . .
that every reasonable effort should be
made {o provide for siabilization,
disposal, and control in a safe and
énvironmentally sound manner of such
tailings in order to prevent or minimize

- people’s health through four basic

- benes from ed‘ung foods csmaxmng

radon dlffusmn into the envxronment
and to prevent or minimize other .
environmental hazards from such
iailings.” The Environmental Protectmn

" Agency was directed by Congress to set

“. . . standards of genergl application
for the protection of the public health,
safety, and the environment., . ." for
such materials. The legislative record
also shows Congress intended that these
standards not be site-specifie.

The Commitiee report on the Uranium
Mill Tailings Radiation Control Act
expressed.the intention that the
technologies used for remedial actions
should not be effective for only a short
period of time. *The Committee does not
want to visit this problem again with
additional aid."The remedial action must

- be done right the first time,” it stated

{H.R. Rep. No. 1480, 95th Cong,, 2nd
Sess., page 40{1978)). Our proposed
dlsposal standards are meant to ensure’

. this long-lasting solution for those

tailingsg piles ai inactive processing sxtés
that are covered by PL 95-604.

Pathways and Health Effects
Uranium mill tailings can effect

pathways, These are:

gas decay product of radium-226, from *
the tailings to the air. Breathing radon-
222 and its short half-life decay products’
{principally polonium-218, bismuth-214, -
and polonium-214} exposes the lungs to
alpha particles. Smaller additional doses
to the lungs and other organs result from
swallowing and breathing the long-lived ™
radon-222 decay products {lead-210 and
polonium-210), - -

2. Small particles of tailings matemai
in the oir. Wind erosion of unstabilized
tailings piles results in airborne tailings ©

malerial. Intake of thorium-230, radmmf

226, and lead-210 are the principal
conderns from this pathway. The
predominant doses are {o the lungs from .
breathing these radionuclides and to the

them. = :
3. Waterbome mafeua! Both wmd

and water flowing over or through ihe j W

tailings can carry radioactive and other
toxic materials to bodies of water. This
could cause long-term contamination of
surface and underground water, and
human intake of toxic substances.

4. External gamma radiation exposure

from tailings. A tailings pile emits
gamma radiation, since many of the
radioactive nuclei in it produce gamma
rays along with their other decay
products. The most important gamma
emitters are lead-214 and bismuth-214:
The increase in cancer possibly
caused by airborne substances from a
pile can be estimated reasonably well

. [ 1

by .using general envxrcnmemai

- transport models. However, the levels of

waterborne contaminants and their .
effects are highly site- spemﬁc and we
can only discuss them in general. The
possible effects of direct gamma
radiation from the piles are easy to
estimate. They are small, except very
close to the tailings piles.

EPA’s analysis of the exposure
pathways for uranium mill tailings piles
relies on existing information provided
by NRC and DOE and their contractors,
and on earlier studies by EPA. 2 To
sxgmfxcanﬂy enhance this knowledge
would require several years of intensive
investigation. We believe this is
unnecessary and that such a delay in
promulgating standards would not be in
the public interest.

’ ; Radiation Effects from AII‘ Pathways

Based on the current U.S. population,
we estimated the air-transmitted
hazards of uranium mill tailings piles for
people close to the pile (within several
miles), in the surrounding region {within
50 miles, but not *close to the pile”}, and

" in the remainder of the nation. Four

sources of exposure were considered:

" inhaled short-lived radon decay
1. Diffusion of radon-222, the noble ~ -

products, the most important source of
potential cancers; the long-lived radon
decay preducts, principally lead-210;
airborne tailings; and direct gamma
radiation. Estimating the risk from
exposure to the short-lived radon decay .
products and the gamma radiation is
relatively straightforward. However, the -
pathways and dose calculations for
long-lived radon decay products and

-airborne tailings depend veryheavily on

- assumptions about the use and
preparation of Jocally grown foodstuffs.
Dose estimates for these pathways are
given in the NRC Draft Generic
Environmental Impact Statement on
Uranium Milling (DGEIS). These

. estimates are likely to be high because

* of the agsumplions made in regard to
=+ local foods. Nevertheless, the risks are
."small compared with those due to the

short-lived radon decay products,

From our analysis we conclude:

1. Lung cancer caused by radon’s
short-lived decay products is the
dominant radiation hazard from
untreated uraniom mill ailings piles on

-local, regional, and national scales.

Effects of long-lived radon decay -

2We analyzed 22 of the 25 tailings piles at
inactive processing sites DOE has designated for
remedial sctions under PL 85-604. The other 3 piles
were determined fo be eligible for remedial actions
only after our assessmen! was nearly completed.
However, based on general descriptions of the 3
piles, we believe that including them in the
assessment would not cause us to change our
proposals for disposal standdrds that appiy to dll
the designated sites,
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products, of windblown tailings, and of * overan area 2 kilometers 1
30 kilometers long, o

direct gamma radiation from the piles o
are much less significant. o
2. Individuals near a pile bear much

 higher radiation risks than those far
away. For example, we estimate that
individuals living continuously one mile
- from a large pile would have about 200
times as great a chance of a fatal lung
cancer caused by radon decay products
as persons living 20 miles away {7 in
10,000 versus 3 in 1,000,000). People even
closer to some of the piles at inactive
processing sites bear increased lifetime
lung cancer risks as high as 4 chances in_
100. . ‘
3. The total number of cancer deaths
~ estimated to be caused by a uranium
mill tailings pile depends strongly on the
size and locations of the local
“populations, ° ‘ .
4. Based on present population data,
all the 22 piles at inactive sites we
. studied, taken together, may cause
about 40 to 90 deaths from lung cancer -
per century among persons living 50
miles or more away from a pile. When
- local and regional rates are added to
~ these, the estimated total national effect
“of all the 22 piles is' about 200 premature
deaths from lung cancer per century; i.e.,
about 2 deaths each year. . R
Part of the uncertainty in these
estimates is due to necessary .
approximations in estimating the -

renvironmental radiation levels a tailings -

vile produces, and what dose people - -
will receive, Additional uncertainty -

~ comes from our incomplete knowledge

- of the effects on people of these
gererally low exposures, -~

B
Our estimates are based upon curreut  *

. population sizes and geographical

“ distributions. Overall increases in
national population would raise the -
estimated national effects in .

- approximate proportion. Development of
. new population centers near currently -

remote piles,'and substantial growth of

cities already near one, would increase -
_-these estimates proportionately to this

growth.-=

Water Pathways .~ o
The water-transmitied hazards of :
uranium mill tailings are due both to
radionuclides and to nonradioactive
toxic substances, such as arsenic, lead,
selenium, and molybdenum, Uranium,
thorium, radium, and nonradicactive
toxic substances can contaminate water
resources and affect crops, animals, and
people. A theoretical analysis of a
model pile performed for NRC’s DGEIS

on Uranium Milling showed that ground

waler conlamination by selenium,
sulfate, manganese, and iron might
exceed current drinking water standards

Tailing piles at inactive mill sites
already have lost much of the water
deposited in them during mill operation.
The water evaporated, went =
uhderground, or ran out on the surface.
Any future water contamination by the .
pile would be from erosion, rain, snow,

- or flooding. The quality of streams and

lakes could be degraded by = -

contaminated seepage from a pile, or by _

tailings which are carried to them by

wind or water.
... The movement of contaminants to

‘ground water depends on a combination ,

of complex chemical and physical
properties of the underground -
environment, and on conditions such as
precipitation and evaporation. Chemical
and physical processes in-the subsoil

partly remove contaminants from water ’

passing through it. However, some ,
contaminants, such as selenium, arsenic,
and molybdenum, can ocour in forms

-‘which are not removed,

Future ground water contamination
could be caused by either past or future
releases of toxic substances from the
piles. These substances are likely to' -
move slowly through the ground. ‘
Ground water itself can move more
slowly than a few feet per year, and _
only in coarse or cracked materials does
the speed exceed one mile per year. For

these reasons, pollutants from tajlings

may not affect the quality of nearby
water supply wells for decades or longer

* after they are released. However, once -

polluted, the quality of such water

supplies can not be quickly restored by "

eliminating the source. Even if a pile is
covered so that there is no further run- -

~off or seepage, if may take longer to -

- restore the original water quality

througheut the affected area than the
time from the start of the pile io the first
coniamination of water supplies.

- standards, we review the health. .

problems that could arise from using
water containing nonradioactive toxic
substances from uranium mill tailings,
Control of Tailing Piles EE
~The objectives of tailings disposal »
should be to control harmful substances
50 as to avoid their spread to the general
environment and to people. The ’
longevity or permanence of contro}
methods is of prime concern. Because of
the long lifetimes of the radicactive
contaminants {thorium-230, for example,
has a half-life % of about 80,000 years)
and the presence of other toxic

3 A half-life is the time it takes fora given
quantity of & radioactive isotope to decay to half
that guantity, ) :

In the draft EIS for these propased .|

e ‘éﬁemiéaivs (whnch never decay}, the

polential for harming people will persist
indefinitely. Many interrelated factors
affect the long-term performance of
tailings pile disposal methods. They
include external natural phenomena,
such as earthquakes, floods,
windstorms, and glaciers, internal

- chemical and mechanical processes, and

human activities. Predicitions of the
stability of the piles become less certain
as the time period increases. Beyond
several thousand years, long-term
geological processes and climatic

" change will determine the effectivenesg
. of most “permanent” control methods,

- Attempts to stabilize tailings piles at
inactive sites by applying thin covers on
them have had only limited and short-
term control objectives, but the growing

- awareness of the hazards of tailings and

passage of PL 95-604 in 1978 have led to
increasing research on effective long-

- term control methods:-Although several
States and the NRC have begun

regulating tailings at active mills, no
disposal method has been tested
sufficiently to establish its practicality

_oreffectiveness over Jong periods of

time, However, we believe the basic
principles of effective long-term control
methods gre understood.

Radon release control methods range
from a simple barrier between the
tailings and the atmosphere to such
ambitious treatments as embedding
tailings in cement or processing them to

‘remove the radon sources. Covering the
tailings with permeable barriers, such as
*soil, slows down the radon passing

through; less is released because some

- of the radon decays before it gets io the

air. The more permeable the covering
material, the thicker it must be fora

- given reduction in radon release,

Maintaining the integrity of thin

dmpermeable covers, such as plastic
- sheets, over periods as short as tens tc

hundreds-of years, however, is highly

“uncertain under the likely range of
- 'chemical and physical stresses. .
~.."Methods that control radon (a gas)

will also prevent releases of tailings

- particulates to the. air or to surface

water.* Similarly, permeable covers

-sufficiently thick for effective radon

conirol will also absorb gamma
radiation very well (although thin
impermeable covers will not).
Disruptions of the tailings by streams, ‘
floeds, wind, or rain can be delayed by
contouring the pile and its cover, and by

- “However, recent studies suggest that some
processes occurring in tailings piles tend to carry

_dissolved contaminants upward, perhaps even

through soil coverings. Dispesal system designers
must carefully consider this possibility. The )
Department of Energy currenily is intensively

investigating a variety of disposul methods. -
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" stabilizing the surface (with stones, for
.example) to make it resistant to erosion.
If necessary, erosion can be delayed by
burying the tailings pile in a shallow pit
or moving it away from a flood-prone or
otherwise problematic site. !
~ As an alternative to covering tailings

: onor just below the Earth’s surface,
nearly complete long-term control of
_ contaminant releases to air and surface
water could be achieved by burying
them in deep mined cavities. In most
cases; however, direct contact with -
ground water would be difficult to -
avoid. The potential hazards of tailings
could also be reduced by chemically
processing them to remove
contaminants. Such processes have
limited efficiencies, however, so the
residual tailings would still require
careful disposal. Furthermore, the
extracted substances, radium and
thorium, for example, would be -
concentrated and perhaps even more
hazardous than before. . i
In the draft EIS we analyze the health
and environmental protection benefits
and the costs of several levels of
controlling tailings, assuming a variety
of potential control methods. We find
that radon emission levels of an
“average” pile can be reduced o
approximately the levels characteristic
of ordinary land by applying a soil cover
“at costs in a range of about 1 to 14
“million (1979) dollars. The cost does not _
depend much on the degree of radon
reduction. Rather, the range of costs
mainly refiects the choices of materials
- for stabilizing the surface, the possible
“need for specific water protection
* features, and transportation and site
preparation costs if a new site is
needed. We estimate the costs for deep
“disposal to be about 8 to 63 million
{1979} dolloars; the lowest estimate
“ assumes the availability of a suitable
-open-pit mine close to the tailings pile
and other favorable ciccumstances.
Disposal using chemical processing to
exiract radium and perhaps other

g R R R A ARSI R

g

million {1976) dollars per pile.

Selection of Proposed Disposal
Standards o :

Proposed Radon Emission Standards

~From several perspectives, we find it .
reasonable to reduce radon emission
rates from failings at inactive processing
sites from their current values of several
hundred pCifm? sec ® {o a range more

 %pCifm*sec stands for picocuries per square
meter per second, a measure of the relesse rate of
radioactivity from a surface. A curie is the amount
of radioactive materialthat produces 37 billion
nuclear transformations per second. A picocurie is a
trillionth of a curie. One picocurie produces a little
more than two nuclear transformations per minute.

.tradon relzase from the tailings

substances would cost approximately 78 .

" appropriate for the new and large-scale
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characteristic of natural emission rates
from ordinary land. Typical natural
emission rates are from 0.5 to 1 pCi/m* .
sec, with variations up to several times
these values not unusual.

After considering the alternatives, we
have concluded that the numerical limit
on pile emissions, following disposal,
should bechosen in a range of about 0.5
to 2.0 pCi/m2sec. When this emission
rate is added to that of a normal earth
covering, the disposal site emission rete
would still be within natural variations.

. Several analyses ¢ of controlling radon
emission by covering piles with soil
suggest that the required covering
thickness rises sharply "near an
emmision rate of about 1 pCi/m%sec.
However, there has been no opportunity
to test these analyses against full-scale
field experience. If soil caverings should

. be less efficient in controlling radon

thah the analyses indicate, achieving a
standard at the low end of the range
could be much more difficult and )
expensive than we estimate. Yet, the
health benefit so gained would be
marginal. We therefore propose an
allowed tailings emission rate of 2 pCi/
m2sec, rather than a slightly lower
figure, to allow for more technical

* flexibility in implementing the

standards. © . o
Higher control levels, say 1040 pCi/
m%sec, appear unjustified, because .
emission rates of that size canbe
Jowered to 2 pCi/m®%sec for about 10%
additional cost.® With such elevated
radoen emissions, the probable need for
land-use restrictions adjacent to the
disposal site would place a continuing
administrative burden on future ..
generations.. - i v
We also find almast total control of

unjustified. Incremental costs for ™

" achieving long-term emission rates -

lower than 2 pCi/m®sec rise rapidly s
relative {o radon emission reduction and. ~

* any health benefits that might be
‘achieved. Theré is no need to restrict the

use of land near the disposal site .
because of radon releases from the - -
{ailings for emission rates near 2 pCi/f

~ mZ%sec. We have not found any

administrative or aesthetic advantages
in further reductions. '
We believe our approach is

underiaking of tailing disposal.
Typically, the proposed standard would

& These studies are cited in the draft EIS.
7Reducing the emission rate from 1010 8 pCi/m*%
sec {a 10% reduction] requires about 1 cm of added
soil; the same size reduction from 2 to 1 pCifm*sec

{50%} takes about 50 cm of added soil.

5This assumes that covering the tailings with
soils and clay is a feasible method for radon control
to an emission rate of about 2 pCifm*sec.

b

.reduce radon emissions and their |

possible effects by 89%. Measures that
will cut down radon emissions this
much for at least 1000 years {see below)
will also eliminate blown tailings and
excess gamma radiation. Therefore,
implementing the radon control

standard will virtually eliminate all the
potential hazards except water
pollution. ‘ :

Proposed Ground Water Protection
Standards -

“The proposed ground water protection
standards provide that after tailings
piles are disposed of the piles will not
cause ground water concentrations of
selected contaminantis to exceed
specified levels. We chose levels we
believe are adequate to protect good
quality ground water for direct human
consumption and for a wide varietyof BN
other purposes. If upstream ground '
water already exceeds the specified
concentration levels for causes other
than tailings, then no further o
degradation is allowed. : .

- Except as noted below, the specified
conceniration levels are the same as the

‘maximum contaminant levels of the

National Interim Primary Drinking
Water Regulations (NIPDWR). We use
these levels quite differently here,
however, and our standards haveno - :

-legal tie to the NIPDWR. Though B
- fluoride levels are given in the NIPDWR,

we are omitting them from the proposed
standards because fluorides are not
important constituents of tailings. Levels
for molybdenum and uranium are not
given in the NIPDWR, but we believe
they are needed because of the
abundance of these substances in
tailings, their toxicity, and their likely . -
mobility in ground water. We selected
the proposed molybdenum level on the -
basis of avoiding toxic effects in

humans. The proposed uranium level s

the one for which our-estimate of bone

-gcancer risk is about the same as the

estimated bone cancer risk from radiun
under the NIPDWR.' = .«

~. o . The contaminanis we include in the

proposed ground water standard cover

" the most hazardous tailings substances.

Conditions that control these.toxic”
substances will also control many other
substances. We do not wish to

- complicate the task of demonstraling

compliance with the standard by .
including nonessential requirements,
such as a much-expanded list of covered

contaminanis. It is in this same spirit

that we are proposing to allow minimal
degradation of very good quality water.
There is no clear need for stricter
standards than we are proposing, and
substantial additiopal resources could

“be required to meet them for some piles.
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" There is evidence of limited ground -
water confamination at some of the
inactive sites, but the prospects for long-
{erm contamination have not been fully
assessed. The proposed ground water .
protection standards, however, apply
only to releases from tailings that may
occur after disposal of the piles. It may
sometimes be possible 1o improve the
quality of an already-contaminated
aquifer, but we believe a generally

applicable requirement to meet pre set .

standards is not feasible.

The Department of Energy will
prepare Environmental Impact’
Statements or Environmental
Assessment reports for each site to
support ihe decisions it will reach, with
NRC's concurrence, o0 necessary :
rergedial action to satisfy the standards.
We believe that disposal methods that
satisfy the standards will avoid ground

" water problems caused by future
releases from the piles for at least 1000
years {see below}. We expect DOE to
consider the need for and pracncahty of -
controlling contaminants that have. 7
already seeped under the tailings pile, -
and to apply technical remedies that are
found justified. Institutional controls -
should also be applied, however, If
tailings are found to be contaminating -
ground water that is being used, we

 would expect DOE {o provide alternate
water sources or other appropriate - ~

- femedies. We note that PL 95-60¢ will

terminate DOE's authority o dosoasa -

remedial action seven years after we

promnilgate standards, unless Congress -«
- extends the period. However, PL 95-604

- provides for Federal custody of the -

disposal sites under NRC licenses after

the remsdial action program is
completed. The custodial rgency is
authorized to carry out such moenitoring,
maintenance, and emergency measures
as the NRC may deem necessary to -

protect public health, We expect NRC's” %

monitoring requirements will be
sufficient to ensure detection of any =
contamination by the tailings of usable”
ground water near the disposal sites,
and to cause the custodial agency to

take necessary measures o avoid any

- significant public health problem.

The actions necessary to avoid future
ground water contamination may
increase disposal costs in some cases up
to double the cost of radon control
alone. Available information suggests
that such measures often will not be
needed because many tailings piles do
not threaten ground water. Moreover,
where the standards might be exceeded
only in the immediate neighborhood of a
pile, we do not believe the substantial
costs and disruptions necessary to avoid
the violation would be warranted.

‘Therefore, when existing tailings sites -
- are used for disposal, we propose that -

the ground water protection standards

- be applied 1.0 kilometer from the pile. If

tailings are moved to a new disposal site
for any reason, then site selection and -
preparation are possible, We propose
that the standard for a new site be
applied 0.1 kilometer from the pile. .
EPA is developing a ground water
protection strategy which, to the extent

thal various legislative authorities allow- -
. and it is practicable, will guide the

development of consistent regulations’
for a number of its programs. These
include programs for disposal of solid .
wastes under the Resource

Conservation and Recovery Act,’
underground injection control under the
Safe Drinking Water Act, wastewater -
sludge disposal under the Clean Water -
Act, and disposal of uranium mill. -

" tailings under the'Uranium Mill Tallmgs
Radiation Control Act, Persons wishing -

{o comment on this issue {consistency)
- should refer to EPA’s notice 45 FR . -
66816-23, October 8, 1980) discussing

" "wvarious approaches for protecting

ground water from hazardous wastes at
land disposal sites covered under. =~

- Subtitle T of the Resource Censervatmn

and Recovery Act.,
We would be pleabed to receive
suggestions for alternative formulations

. of ground water standards for disposal -
of uranium mill tailings covered by Title .
1 of PL, 95-604. Should the standard .~

contain limits on allowed degradation,

" or should it specify nondegradation {no
.increases in concentrations), or no
releases? If degraduﬁgn limits are used, -

as we propose, in what otherways
wight they be determined? Should the
standards apply at different distances
from the tailings for new disposal sites

. than for existing sites? What should
. these distances be? Are more >
substances needed in the list of covere&

contaminants, orare any of them

superfluous? Comments on these issues
" will be most useful when suppoﬁed by

reasons and data

Pmpoeed Su.rfaoe Water Pmtectmn o

- Standords -

Wind, rain, or ﬂooés can carry .
tailings into rivers, lakes, and reservoirs,
Pollutants may also seep out of the piles
and contaminate surface waters.
However, implementing the radon
emission limits and the ground water
protection requirements will greatly

- reduce this. A pile thh severely

restricted radon releases will notbe
able to release particulates to wind or
water. Similarly, the ground water
protection requirements imply limited
water flow through the pile, which limits
flow to the surface as well as under the

DA

: ground ’I‘hus, we expect that the radon

emission and ground waler standards
will protect surface water. However, to
assure adequate protection, we propose
to require that surface water not be
degraded by tailings after disposal of
the piles. This means that after disposal,
any conlaminant releases from the
disposal site should not increase the
concentration of any harmful substances
in surface water.

Longevity of Dzsposci Standards

Congress recognized that uranium mill
tailings are hazardous for a long time,
and directed EPA 1o set reasonable
standards for their long-term disposal.
We propose requiring a reasonable
expectation that the radon emission and
water protection standards for disposal
of tailings piles will be sausﬁed for at
least 1,000 years.

Institutional control methods such as
recordkeeping, maintenance, monitoring,
and land-use restrictions are uzeful
adjuncts to an adequate disposal -
system, o provide greater protection
than the stendards require, and to

- regulate deliberate disruptions of the

tailings by people.® However, we do not
believe they should be relied upon for
periods longer than a century, and are
inappropriate for long-term control.
They should not replace use of adeguate
long-term physical disposal methods.

- The choice of 2 1,000-year period of

application results from practical

considerations. Based on existing
knowledge of control methods and

“natural processes, we believe it

" vnreasonable to generally require longer
- protection under this remedial action

- program, because adequate methods for

demonstrating compliance are not
clearly available and may be very
costly. We consider it likely, however,

"~ that the i imp lementers of the standards
" - will require longer protection at some
- piles, based on sile-specific evaluations

of disposal methods and their costs.
‘We believe 1.000 years meets the

- Congressional eriterion that “the

remedial action must be done right the
first time.” This does not mean our
concern for the future is limited fo 1,000 .
years, but does reflect ourjudgment that
the remedial actions must be practical.
We would be pleased to receive
comments on whether 1,000 years is the

best choice.-

®For example, Sec. 104{h} of PL 95-604 anticipates
that subsurface minerals at a teilings disposal site
may be used. However, it provides that any tailings
disturbed by such use "will be resiored to a safe
and environmentally sound condition.” Therefare,
we propose to apply the disposal standerds’to the
use of any subsurface mineral rights ﬂequsﬂed under

- the provisions of Sec. 104{h).
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‘ III Implemematmn o S

PL 85-604 requires the ‘Secreiary of
hnergy to select and perform remedial
actions for uranium mill tailings from
nactive processing sites in accordance
" with EPA’s standards, with the full

- participation of any State that shares
the cost. Remedial actions will be
selected and performed with the
concurrence of the Nuclear Regulatory
Commission and in consultation, as
appropriate, with affected Indian tribes
and the Secretary of the Inferior. The -
costs of the remedial actions willhe
borne by the Federal Government and
the States as prescribed by law.

The disposal standards will be
implemented by showing that the
disposal method provides a reasonable
expectation of satisfying the radon.
emission limits and water protection
provisions of the standards for at least
1,000 years. We intend for this
expectation to be founded upon
analyses of the physical properties of
“the dispasal system and the potential
-effects of natural processes over time.
omputational models, theories, and
expert judgment will be major tools i in
deciding thata proposed disposal
-system will satisfy the standard. Post-
.dlspbsal monitoring can serve only a
‘minor role in confirming that the
‘standards are satisfied. Where
‘measurements are necessary to
determining compliance, they may be
performed within the sccuracy of
¢ available field and laboraiory
~instruments used in conjunction wnh
teasonable survey and aamphng
rocedures, 7
Dzsposai of tathngs piles from machve
ocessing facilities is a Idrge scale
ndertaking for which there is very lite
xperience. Although preliminary )
ngineering assessments for the sites
fected by these standards have been
performed, specific e engineering
seguirements and. costs to meet the
istandards at each site have yet to be -
etermined. We believe disposal costs.
reraging about 11 million {(1979) dollars
1 tailings pile are most likely. This
stimate includes some costs that will -
probably not always be incurred,
because some piles will not need to be
oved to a new site or buried in an
cavated pit. For some sites, the
disposal cost will be partly offset by
recovered land values or by uranium or -
‘other minerals recovered thmugh
reprocesmg the tailings prior to
ispogal.

| Exceptions

We believe that our proposed
Slandards are the siriclest that are

’ mdctwe uramum processmg sxtes N
-covered by PL 85-604. However, - -

Justified for general application at all the

providing greater protection may be
reasonable at specific sites. Therefore,
we urge the implementers to.lower the -
residual risk as far below the requxred
level as is reasonably achievable.

On the other hand, the standards
could be unreasonably strict for certain
circumstances. Because the scale of

material-moving achvity is 5o great, the -
- possibilily of serious harm to both

workers and the general public from
accidents assoclated with transporting

. an entire tailings pile to a new disposal

site deserves particular consideration.
Relocating a pile should be considered
whenever it may not be practical to
satisfy all the disposal standards at the
original location. However,
circumstances might be such that one
would not expect the standards to be
greatly exceeded within a thousand
yedrs, and that substantial human
exposure 1o any resulting pollution
would not aecessarily oceur. If all
practical transport methods would
probably cause serious harm o people ™

" from accidents, and if this and other =

risks associated with the transportation

system are large enough, the near-term
- endangerment may outweight the . ...

additional long-term benpfits of full’

rather than parhai compliance with the -

standards. By carefully consxdermg all :
these factors for each tailings pile where
the issue arises, excepttons to the o -

disposal standard could be ;ushﬁted

because of the degree of unavoidable - -
: endanoerfrxant in attemptmg full

complxanue ~

We do not éonsider the current
remoieness of a pile from population -
cenlers sufficient by itself to justify -
relaxing the standards. Even small
numbers of people nearhy require

protection, and the population of an -

area could increase considerably over:

the one thousand year period to which ~
the standards apply, “urthermore, radon

released from tailings piles travels over -

“long disisnces. +

In order to allow for reasonable
implementation of PL 95-604, we are -
proposing criteria that may be used to ©
determine whether particular
tircumstances justify exceptions to the
disposal standards. In such exceptional _
cases, DOE, with the concurrence of
NRC; may select and perform remedial’
actions that come as close to meeting
the disposal standards as is reasnnab}e
When doing 5o, DOE shall also inform
EPA.

Note~—~The costy and benefits of these
stondards are discussed in the Draft
Environmental Impact Statement, However,
our program to set remedial action standards
for PL 95-604 daes, not require preparation of

§ 192.01

-’ aneconomic analysis lmder Executive Order

12044. We expect the costs-of the remedial

action program in any calendar year to be

less than the 100 million dollar criterion EPA

has established {44 FR 30988-30898, May 29,

1979) for requiring an econvmic analysis.
Dated: December 31, 1980.

Douglas M. Costle,

Administrator,

Note.~Subparts B and C of the fol owmg

" were proposed earlier (45 FR 27370-27375,

April 22, 1980} and are repeated here for the
convenience of the reader. :

The Administrator of the -
Environmental Protection Agency -
hereby proposes to add a Part 192,
Subpart A, 1o Title 40 of the Code of
Federal Regulations as follows:

PART 192—ENVIRONMENTAL

" PROTECTION STANDARDS FOR
- URARIUM MILL TAILINGS

Subpart A—~Envirenmental Standards for
the Disposal of Residual Radioactive
Materials From fnactive Uranium -

“ . Processing Sites

- Sec,

192.01 Apphcab:lxty

192.02 . Definitions

19203 Standards. ST
182.04 FEffective date.. - .-

Subpart B--Environmental Standards for
Cleanup of Opern Lands and Buildings
Contaminated With Residual Radicactive
KMaterials From Inactive Urumum .

" Processing Sites -
192:10 Applicability,

192,11 . Definitions.

18232 Standards.
192.13

Effective date:- =
Subpart C—Exceptions = N -

- 192.20 " Criteria for exceptions.

192.21 Remedial actions for exceptmncl

T circumstances. ’

Atxt!xontv Section 275 of the Atomic
Energy Act of 1954, 42 U.5.C. 2022, as
amended by the Uranjum Mill Tailings
Radiation Control Act of 1978, PL 85-604.

i Subpart AwEnvsronmental Standards

for Disposal of Residual Radioactive

-Materials From Inactive Uramum

Processmg S:tes

Appllcabmty. .

~This subpart applies to the drspasal of
residual radioactive material at any
designated processing site or depository

site as part of any remedial action

conducted under Title I of the Uranium
Mill Tzilings Radiation Control Act of
1978 (PL 95-604), or following any use of
subsurface mmerals at such a site.

‘§ 182.02 De!tmtmns.

{a] Unless otherwise indicated in is
subpart, all terms shall have the same
meaning as in Title I of the Uranium Mill
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Tailings Radiation Control Act of 1978
- and the Atomic Energy Act.
" (b) Remedial action means any action
performed under section 108 of the
“Yranium Mill Tailings Radiation Control
Act 0f1978. L ’
() Disposal means any remedial
action intended to assure the long-term,
safe, and environmentally sound
stabilization of residual radioactive
materials. - C .
(d) Disposal site means the region

within the smallest practical boundaries

around residual radioactive material '
following completion of disposal.

(e) Depository site means a disposal
site selected under Section 104(b) or
105{b} of the Uranium Mill Tailings
Radiation Control Act of 1978,

{f) Aquifer means a geologic

. formation, group of formations, or
portion of a formation capable of
yielding usable quantities of ground
water o wells or springs.

{g) Ground water means water below )

the land surface in the zone of

" saturation. '

- {h) Underground source of drinking

" water means: ‘

{1} An aguifer supplying drinking
water for human consumption, or

{2) An aquifer in which the ground”
water contains less than 10,000
milligrams/liter total dissolved solids.
- {i) Curie (Ci) means the amount of- -
radicactive material which produces 37
billion nuclear transformations per
second. One picocurie (pCi}=10-12 Ci.

* {j} Surface waters means “waters of
the United States, including the
territorial seas’ (“navigable waters”]} as

_ defined in the Federal Register Volume

44, page 32001, June 7, 1979, {Comment:

‘This definition is taken from the

Regulations for the National Pollutant

Discharge Elimination System, 40 CFR

122.3(t). In essence, it includes all U.S.

surface waters which the public may

traverse, enter, or draw food from.} .

$182.03 _ Standards, PR

Disposal of residual radioactive =~ -
materials shall be conducted in a way
that provides a reasonable expectation
that for at least one thousand years =
following disposal— -

{a) The average annual release of
radon-222 from a disposal site to the
atmosphere by residual radicactive
materials will not exceed 2 pCi/m®>sec.*

*Note~The radon emitted from a tailings site
after disposal will come from the lailings and from
malerials covering them. Radon emissions from the
covering materials should be estimated as part of
developing a disposal plan for each site. These =
plans will be reviewed and concurred with by the
Nuclear Regulatory Commission prior to disposal.
After disposal, the radon emission standard is
satisfied if the emission rate is less than or equal to
2 pCifm%sec plus the emission rate expected from
the disposal materials.

‘Secretary of Energy under Public Law e

Public Law 85-604, states that

{b) Substances released from residual
radioactive materials after disposal will
not cause R '

{1) The concentration of that
substance in any underground source of .
drinking water to exceed the level -
specified in Table A, or’ .

{2) An increase in the concentration of
that substance in any underground
source of drinking water, where the
concentration of that substance prior to -
remedial action exceeds the level '

~ specified in Table A for causes other
than residual radioactive materials.

This subsection shall apply 1o the
dissolved portion of any substance
listed in Table A at any dislance greater

* than 1.0 kilometer from a disposal site

that is part of an inactive processing
site, or greater than 0.1 kilometer if the
disposal site is a depository site. T
(c) Substances released irom the
disposal isite after disposal will not -
cause the concentration of any harmiul -
dissolved substance in any surface
waters fo increase above the level that_
weould otherwise prevail. ; g

§192.04 Effectivedale. ~ R
" The standards of this Subpart shall be
effective 60 days after final SR,
promulgation of this rule.

Subpart B—Environmental Standards
for Cleanup of Open Lands and '
Buildings Contaminated With Residual’
Radioactive Materials From Inactive
ranium Processing Sites ..

§182.10 - Applicability.. . R
This subpart applies to open lands .~

and buildings which are part of any

processing site designated by the

95-604, Section 102. Section 101 of -

“processing site” means—
{a) Any site, including the mill,

" containing residual radioactive

materials at which all or substantially -~
all of the uranium was produced for sale
to any Federal agency prior to January 1, »
1971 under a contract with any Federal -
agency, except in the case of a site at or:
near Slick Rock, Colorado, unless— :

{i} Such site was owned or controlled < —
as of January 1, 1978, or is thereafler
owned or controlled, by any Federal
agency, or - ,

(i1} A license (issued by the [Nuclear
Regulatory] Commissicn or its .
predecessor agency under the Atomic
Energy Act of 1954 or by a State as
permitied under section 274 of such Act)
for the production at such site of any
uranium or thorium product derived
from ores is in effect on January 1, 1978,
or is issued or renewed afler such date;
and

“ {b) Any other real property or

" improvement thereon which—

(i) Is in the vicinity of such site, and
(ii) Is determined by the Secretary, in
consultation with the Commission, to be

. contaminated with residual radicactive
" materials derived from such site.

Any ownership or control of an area by

" a Federal agency which is acquired
_ pursuant o a cooperative agreement
“under this title shall not be treated as

ownership or contro} by such agency for

purposes of subparagraph (A){i}. A

license for the production of any
uranium product from residual
radioactive materials shall not be
treated as a license for production from
ores within the meaning of
subparagraph (A)(i) if such production
is in accordance with section 108(b}.

§192.11 Definitions.

(2) Unless otherwise indicated in this
subpart, all terms shall have the same
meaning as defined in Title  of the
Uranium Mill Tailings Radiation Contro
Actof1978. | " . ,

{b) Remedial action means any actior
performed under Section 108 of the
Uranium Mill Tailings Radiation Contro
Actof 1978, -7 ’

{c) Open Jand means any surface or
subsurface land which is not a disposal
site and is not covered by a building.

{d) Working Level (WL) means any
combination of short-lived radon decay
products in one liter of air that will
result in the ultimate emission of alpha

- particles with a total energy of 130
" billion electron volts. '

““{e) Dose equivalent means absorbed

" - dose multiplied by appropriate factors
- account for differences in biological
. effectiveness due to the type and energ

of the radiation and other factors. The

. unit of dose equivalent is the “rem.”

{f) Curie {Ci}) means the amount of
radioactive material which produces 3
billion nuclear transformations per
second. One picocurie (pCi) = 10-2Ci
§192.12 Standards. R
- Remedial actions-shall be conductec

" 50 as to provide reasonsble assurance
< that— T C

{a) The average concentration of
radium-226 attributable to residual
radicactive material from any"
designated processing site inany 5 ¢
thickness of soils or other materials o
open land within 1 foot of the surface,
in any 15 cm thickness below 1 foot,
shall not exceed 5 pCi/gm.

{b} The levels of radioactivity in an;
occupied or occupiable building shall
not exceed either of the values specifi

_in Table B because of residual

radioactive materials from any
designated processing sile.
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“ {c} The cumulative lifetime radiation

i dose equivalent to any organ of the -
 body of a maximally exposed individual
+ resulting from the presence of residual
‘radioactive materials or byproduct
-malerials shall not exceed the maximum

ﬂ;;dose equivalent which could ocour front

¢radium-226 and its decay products under

¢ paragraphs (a} and (b} of this section.

19213 Effective date.

The standards of this Subpart shall be
ffective 60 days after premulgation of
-this rule.

: Subpart C—Exceptions

; 192.20 Criteria for exceptions.

Exceplions fo the standards may be
ustificable under any of the following -
sircumstances: )

* {a} Public health or safety would be
unavoidably endangered in attempting

o meet one of more of the requirements
of Subpart A or Subpart B.

{b} The goal of environmental
protection would be better served by not
satisfying cleanup requirements for operd
and, § 192.12(a) or the corresponding

exceplion to these requirements there
should be-a clearly unfavorable
imbalance between the environmental
‘harm and the environmental and health
benefits which would result from
mplementing the standard. The
likelihood and extent of current and
fature human presence at the site may
by considered in Lvaiuatmg these
benefits,

{c} The estimated costs of remedial
actions to comply with the cleanup
guirements for buildings, § 192.12(b} or
the corresponding part of § 192.12{(c}, are
unreasonably high relative {o the
‘benefits. Factors which may be

‘period of occupany, the radiation levels
tin the most frequently occupied areas,
2and the residual useful lifetime of the

when the values in Table B are only

{d) There is no known remedial action
meet one or more of the requirements
SBubpart A or Subpart B. Destruction
id condemnation of buildings are not
considered remedxal actions for this

Bection 108 of PL 95-604 requires the
ecrefary of Energy to select and

erform remedial aciions with the
:toncurrence of the Nuclear Regulatory
ommission and the full participation of
ny State which pays part of the cost,
nd in consultation, as appropriate, with
ffected Indian tribes and the Secretary

teonsidered in this judgment include the -

tbuilding. This criterion can only be used

of the Interior. Under exceptional

circumsiances satisfying one or mote of -
“the conditions §192.20{a}, {b), (¢}, and ~

{d), the Department of Energy may
select and perform remedial actions,
according to the procedures of Section
108, which come as close {o meeting the
standard to which the exception applies
as is reasonable under the exceptional
circumstances. In doing so, the ,
Department of Energy shall inform dny
private owners and occupants of

. affected properties and request their

comments on the selected remedial
actions. The Departmeént of Energy shall
provide any such comments to the
parties involved in implementing Sec.
108 of Public Law 95-604. The
Department of Energy shall also inform
the Environmenlal Protection Agency of

remedial actions for exceptional

mrcumstances under Subpart C of this -
rule.

-Table A
Milligrams/liter: i .
Arsenic . 005
Barium 1.0
Cadmium . . 0.01
Chromium . . 005
Lead ; - 0.05
Mercury 5 0.002
Molybdenum, H 0.05
Nitrogen {in nitrate) . 10.0
Selenium " 0.01
SBilver 0.05
pUi/liter: .
Combined radium-226 and radium.228... 5.0
© ross alpha particle activity (including - 3
226 but excluding radon and uranium) o 150
Uraniurm - 10.0
Table B .
Average Anmwal Sndoor Radon Decay Product Con~ :
centration (including background} (WL .vmewimmmene 0015 |
Indoor Gamma Radiation {above background) {milli- L

foemgens/hour) 002

S

{FR Do. 61-830  Filed 1-6-81; 845 am}

BHLING CODE 6560-26-M
A
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ENVIRONMENTAL PROTECTION
AGENCY

“40 CFR Part 249

[SWH-FRL 1567-8]

Guideline for Federal Procurement of
Cement and Concrete Containing Fiy
Ash .

AGENCY: Environmental Protection
Agency.

ACTION: Pmposed guideline,

summany: The Environmental Protection
Agency (EPA) is today issuing proposed
guidelines for the Federal procurement
of cement and concrete containing fly
ash implementing Section 6002(e) of the
Resource Conservation and Recovery
Act of 1976, as amended (RCRA).

Section 6002 of RCRA requires procuring

agencies using appropriated Federal
funds to purchase items composed of the
bighest percentage of recovered ‘
materials practicable. Section 6002{e)
instructs EPA to prepare guldehnes to
assist procuring agencies in complying
with the requirements of Section 6002,
The preamble to the proposed -
guideline explains EPA’s regulatory -

strategy for fulfilling its respunsxb:hhes .

under Section 6002 of RCRA.

- DATES: Comments are due on January

15, 1981. A public hearing will be held

. on January 8, 1981 from 9:00 a.m. to 400 .

pm.

" ApDRESSEE: Comments should be

addressed to RCRA Docket Clerk, Office
of Solid Waste (WH-562}, U.S.
Environmental Protection Agency,

- 'Washington, D.C. 20460. Comments

should identify the docket number,

. which is “Section 6002.”

The public hearing will be held at EPA
Waterside Mall, Room 3808, 401 M
Street, SW., Washington, D.C. .

FOR FURTHER INFORMATION CONTACT: -

- John Heffelfinger, Hazardous and
" Industrial Waste Division, Office of

Solid Waste (WH-585), 1.8, ,
Environmental Protection Agency,

- Washington, I.C. 20460; [202) 755-9208.
_SUPPLEMENTARY INFORMATION: Public

Hearing: A public hearing will be held

- on January 8, 1981 at EPA Waterside
. Mall, Room 3806 from 9:00 a.m. to 4:00

p-m. Registration will begin at 8:30 a.m.
Anyone wishing to make an oral

_statement at the hearing should notify,
- in writing: Ms. Geraldine Wyer, Public

Participation Office, Office of Solid .

Waste (WH-562}, U.S. Environmental =~

Protection Agency, Washington, D.C.
20480. Oral and written comments may

- be submitted at the public hearing.

Persons who wish to make oral
presentations are encouraged to have

. environmentally sound disposal -
-practices for all wastes, and (3}
" investigation and creation of incentives o

written capies of their {,amplete

- comments for mclusmn in the official

record.

Public Docket; The pubhc docket for
this guideline is located in: Room 27118,
U.s. Envxronmental Protection Agency,
401 M Street, SW., Washington, D.C.
20460, and is available for viewing 9:00
am. to 4:00 p.m. Monday through Fr)day
excluding holidays,

Introduction

Purpose and Scope

The Environmental Protection Agency
is today proposing the first of a series of

guidelines demgned to encourage the use

of products containing recovered
materials. Section 6002, of the Solid
Waste Disposal Act, as amended by the
Resource Conservation and Recovery
Act of 1976, as amended [“RCRA" or
“Act”), 42 U.8.C. 6962, requires Federal,
State, and local procuring agencies using

appropriated Federal funds to purrhase .

items composed of the highest

. percentage of recovered materials ™
- practicable. EPA is reqmred o prepare

gmde}mes to assist procuring agencies .
in complying with the requxrements of

:...Section 6002,

This preamble explams EPA’s
regulatory strategy for fulfilling its -
responsibilities under Section 6602 of
RCRA. Comments are requested on this
regulatory strategy as well as on the

_ specific gnideline being proposed.

. The objectives of the Resource

_ - Conservation and Recovery Act are the

protection of human health and the
envircnment and conservation of
valuable material and energy resources,
The Act sets forth a national program to
achieve these objectives by improving
solid waste management practices. The
provisions of the Act include {1)
requirements for control of the

- generation, transportation, treatment,
. storage, and disposal of hazardous

wastes, (2] establishment of -

for resource recovery and conservation

“activities. These activities are {o be

carried out through a cooperative effort
among Federal, State, and local -
governments, as well as pmvate
industry. :

- Requtrements of Section 6009

Section 6002 of the Act, titled Federal
Procurement directs all procuring
agencies which use appropriated
Federal funds to procure items
containing the highest percentage of -

. recovered matemals pra‘cncable, given

_ that reasonable levels of competition i

" products in order te eliminate any o

- recovered materials.

- in the Executive Office of the President)

" can demonstrate their technical and
. economic viability as they are used by
- Federal, State and local agencies.

" 6002 are:

. purchase or acquisition of a : .
" procurement item where the purchase or -

.. shall procure items composed of the
" highest percentage of recovered
- materials practicable consistent with
-competition. The decision not to procure

.- determination that such procurement

"..- reasaonable performance standards of
the procuring agencies; or

' unreasonable price.”

- applicable guidelines prepared pursuant -:

- vendors certify the percentage of the

cost, availability, and technical

performance are maintained.
Procuring agencies are also required :

to review and revise specifications for =

discrimination against the use of ;
recovered matenals They are to remove
specifications requxrmg that items he .
manufactured from virgin materials, and ...
remove prohibitions against the use of

Section 6002 gives the Envxrm‘mentai
Protection Agency responsibility for -
promulganng guxdelmes to assist -
procuring agencies in carrying out these
requirements and (in conjunction with -
the Office of Federal Procurement Policy

for implementing the policy and program
at all levels of government.
Section 6002 is aimed at achieving the,;
materials conservation goal. Its cloar -
objective is to use the economic -
incentive of Federal procurement to
increase the recovery of solid waste
materials. Federal procurement of
products made from recycled materials

The specific provisions of Section -

“la}* * *a procurmg agency shali
compiy with the requirements set forth
in this section * * * with respect to any ~

acquisition of a procurpmem item where
the purchase price of the item exceeds
$10,000 or where the quantity of such
items or of fdpctxonally equivalent items
purchased or acquired in the course of
the precedmg fiscal year was $10, 000 or
more,’

“{c){1} * * * each procuring agency

maintaining a satisfactory level of
such items shall be based on a

1tems~—— :
“{A} Are not. rnasonably available -
within a reasonable period of time;
“*{B] Fail to meet the performance
standards sét forth in the applicable °
specifications or fail to meet the

. *{C} Are only avaxiable at an
M{e){3) After the date sbecxfied in any’

to subsection {e) of this section,
contracting officers shall require that

total ma*enal utilized for the
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performande of the: contract which is
recovered materials..

“{d} Specifications.—{1). A}I Federal
agencies that havesthe responsibility for
drdftmﬂ or reviewingsspecifications for
procurement-item:procured by Federal
‘agencies shall, in'reviewing theose
specifications, ascertain whether such
specifications violate the prohibitions
contained in subparagraphs: (A) through
(C) of paragraph {2)..8uch review shall
be undertaken notlater:than-eighteen
mornths after the: date of enactment of
this section.

*{2) In drafting-or: revxsmg such
specxﬁcatxons, after'the date of
enactment-of this:section—

*(A) Any exchision:of recovered
materials shall be-eliminated; -

"(B) Such specification shall not
,reqmre the dtemto'be: manufactured
from virgin materials;-and

“{C). Such. specifications shall require

reclaimed:materials to the-maximum
. extent possible without. ]eopardizing the
intended.end use of the item.”

*{e) Guidelines.—The Admmxstrator,
after consultation with the -
Administrator of General Services, the
Secretary of Commerce {acting through
the Bureau of Standards), and the Public
Printer,:shall prepare, and from time to
time revise,.guidelines.for theuse of -
procuring agendies.in complying-with
the requirements of this section. Such
;guidelines shall set forth.recommended
practices with respect to the
procurement:of recovered materials and
items containing such.materials.and

-with respect to certification by vendors
of the percentage of recovered.materials
used, and:shall provide.information as
to the availability, sources of supply,
and pctentxal uses of such materials and
1tems .

“{g) The Officeof Procurement Policy
in the Executive Office.of the President,
‘in cooperation with the Administrator,
-shall implement-the policy-expressed in
4his section. It shall be the responsibility

‘of the Office of ProcurementPolicy to -

coordinate this policy with other -~
policies for Federal:;procurement, in-such

a way as to maximize the use of '

recovered resources, and to annually
report to‘the iCongress ‘pn-actions taken

‘by Federal:agencies and the progress

made in the 1mplementatmn of such :

policy.” S

Backgmund '

The use.of: Federal procurement as-a
tooliin accomplishing:social, -
environmental,-and-economic goals is
not new.:Federal:laws provide .~
procuremerit preferences for:
—Small'business concerns; '
~—Labor surplus:area concerns;
-Low—noxse-emxsslon products, ,

—American-made products.

Other laws prohibit Federal purchases
of products from firms which are'in
viclation of pollutionregulations.

In'the case of the Buy American Act,
regulatory provisions allow procuring
agencies to pay a'six, twelve, or fifty
percent premium for ‘domestically-
manufactured products, by adding from
six to Tifty percent'to‘the bid price of
non-domestically produced items. Bids
are then evaluated-as if these -were the
actual bid guotationsreceived and the
award is made to the lowest responsxbie
bidder. In the case of low-noise-
emission’ products, up’to-atwenty-five
percent premium may.be paid for

- products which are.certified assuch.

-The use of Federalleverage .
spec;ﬁcaiiy to stimulate demand for
recycled materialshas’been supported
by severalauthoritative sources. Section

" 205 of the'Solid Waste Dlisposal -Act, as

amended mandated?the Admmxstrator
to: - ;

MLl I \'ﬁ

.carry out an. mvestzcatmn and

- study to.determine ™. ™ ** the'use of

Federal procurement to develop market
demand for recovered resources.”

_ Chapter 4D.6 and 4D.7 ¢f the final
report of the National Commission on
Materials Policy recommended that:

“* * *the Federal Government

. exercise; leadership byusing’its
purchasing power.toprovide a market
for produscts made. fmm;ecyeled
materials..

v o* *the Federal Guverp*nent help
reduce the flow of:solid waste by
establishing, within Federal purchasing

_ departments, performance.standards

_ rather than compositionstandards that
discriminate against. secondary '
materials.”

In1971, the; Premdent‘s Envxromnen*al
Message to Congressdirected the

. General Services Administration to . -

‘purchase paper which.contained .- .

- recycled material, The program .
“instituted by GSA led to revisions.inat
Jeast 88:purchase:speaifications,.

including those forbuilding materials,
office:supplies, packagmg. ‘and tissue

- products. GSA now requires-certain of

these products to include percentages. of
recovered materials: rangmg from three
up to one hundred... -

-~ .On January 18, 1978, EPA pmmulgated

) Guidelines for Procurement of Products

‘that Contain Recycled:Material (40 CFR,
Part 247) under the authority of the .
Resource Recovery :Act:0f 19870 {Pub. L.
91-512). Those guidelines were advisory
-and were intended to:increase ithe use of
-recycled materials in products -
purchased by Federal agencies. The
general recommendations contained in
‘those guidelines were:réflected in the

statotory language of Section 6002 of the
Resource Conservation and Recovery
Act of 19786,

Explanation of Current Regulatory
Approach .
General vs. Specific Guidelines

Soon after EPA undertook the effort to
prepare procurement guidelines, it
became clear that guidelines could not
be developed for all 50,000 Federal
product specifications and standards. It
is impossible to review all 50,600
Federal product specifications and make
decisions on that percentage ‘of
recoverable materials is techmcally and
economically feasible, availableina
reasonable amount of time, and
produced by-enough companies to
guarantee that campetmon is
maintained.

Two major alternatives for fﬂlﬁlhng
the RCRA mandate were consxdered
I'hey were:

{1) To'issue a generai guidéline -
recommending pmcedures to be used by
procuring agencies'int.amending product
specifications and revising procurement
practices so as to encourage the use of
products containing recovered
materials. This was the purpose of the .
January 1976:EPA guidelines for
procurement of recycled products; or

{2} To issue specific guidelines on
selected products.containing detailed
recommendations.as o revigions.in
product specifications and procurement
practices and information on
availability, sources of supply and
potential uses of the product.

The first alternative was rejected
because it did not completely satisfy the
intent of the Act. Section 6002

specifically states'that EPA’s guidelines

are to provide information.on
availability, sources of supply, and
potential uses of recovered material
products. Procuring agencies in'most.
cases do nothave the resources

~available to obtain this information.
- Therefore, EPA chose the second .

:alternative {i.e.. selection of product

areas where increased use of recoverd
materials would be practical). EPA will
provxde recommendations for revisions

~in procurement practices and :
information:on availability and potennal '

wses for specific products made from ;
recovered materials.. T

RCRA Amendments ‘

The product-specific approach whxch
EPA has selected reflects the proposed
amendments to RCRA which have been

passed by both the Senate’{S.1158) and -

the House of Representahves {H.R.
3994). The primary impact.of these

. amendments w0uld be to key all.of the
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purchasing requirements of Section
6002(c) to the preparation by EPA of
guidelines for particular products.
Toward this end, EPA is directed to
“designate those items which are or can
be produced with recovered materials
and whose procurement by procuring
agencies will carry out the objectwes of
- {Section 6002).”

In anticipation of passage by
Congress of the proposed Section 6002
amendments, EPA has aitempted fo
draft this guideline so that it conforms
with the applicable provisions of both
< the existing Section 6002 and the Section ~
6002 amendments. .

Criteria For Selection of Proa’uct Areas

Criteria were developed to aid in the
. selection of product areas for which
guidelines would be prepared These
criteria ave;
{1} The waste material must constitute
a significant solid waste management
problem due either to volume, degree of
hazard or difficulties in disposal; -
(2) Economic methods of separatxon
and recovery must exist; :
{3} The material must have techmcal!y
proven uses; and
- {4) Federal purchasing power for the
final product must be substantial.
‘Comments are specifically requested
on the Agency's choice of criteria for
product selection, as these criteria are
. proposed to be used in the selection of
products for inclusion under future
guidelines,

Product Areas Currently Under Study :

With these criteria in mind, EPA has
initially chosen four major product
categories for the issuance of guidelines.
under Section 6002. These categories are
fly ash in cement and concrete,
composted sewage sludge in soil .
amendments, recycled paper products,
and highway construction products
containing recovered materials. EPA -
expects additional candidate products
to surface through its industry solid -
waste studies program. As guidelines -

are completed in these areas, aiidmonai -
. crushed stone, or other aggregates to

pmduct areas will be selected for -
issuance of guidleines. ~

Comments are specifically requested
on the Agency’s choice of product areas
for issuance of guidelines. The Agency
also requests suggestions for additional
product areas for consideration,
accompanied by documentation as to
how any new products satxsfy the B
criteria.

Rationale for Choosing to Issue
Guideline Pertaining to Fly Ash

Fly ash used in cement and concrete
was chosen as a product area were
Federal purchasing power could

significantly increase the use of a
recovered material. The following
discussion demonstrates that fly HSh
meets the product selection criteria.

{1) Significant Selid Waste Problem.
Fly ash is the term used to describe an
ash component of coal which results
from the combustion of coal. The vast
majority of fly ash is produced in
electric power generating plants, where
powdered coal is burned to produce
steam to drive the turbines. Fly ash,
which is a finely divided imcombustible
mineral residue, is conveyed out of the
boiler along with the stack gases. It is
then collected from the gases by various
means, including electrostatic
precipitators, mechanical precipitators,
cyclone separators, bag houses and -
scrubbers. It is stored in silos, awaiting
reuse or disposal, or it may be conveyed
directly to a disposal area. Fly ash.
typically represents about 70 percent of
the ash generated by coal combustion,
with coarser and heavier bottom ash
accounting for the remaining 30 percent.

During 1878, 48.3 million tons of fly
ash were generated, with over 82
percent disposed of as waste. The'
quantities of fly ash requiring disposal
will increase dramatically during the
1980's with the construction of
additional coal burning power plants.
Estimates are for fly ash generation to
be 70-80 million tons annually by 1985.

{2) Feasible Methods of Recovery.
Economically feasible methods exist for
recovery of fly ash from the waste
stream. Electrostatic precipitators or
mechanical collection devices separate
fly ash from boiler stack gases. In fact,
more than two-thirds of the coal-fired
generating stations have collection and
loading facilities for fly ash. However,
the majority of fly ash currently is
combined with bottom ash, boilér slag,
and/or scrubber sludge for disposal,
making future recovery for cement and
concrete use impossible.

{3) Technically Proven Uses. Cement

_1s a powder-like manufactured mineral

product, usually gray in color. Cement is
mixed with water and sand, gravel,

form the hard substance known as
concrete. Cement is not used by itself
for construction but isa component of
concrete :

Cement is produced by first grmdmg a
carefully proportioned mixture of raw
materials such as limestone, silica, sand,
clays, and iron ore. The mixture is
heated in huge rotary kilns at =
~temperatures approximating 1500° C
(2700° ¥}, where chemical reactions take
_place. The resulting marblesize pellets,
or clinker, are ground with a small
amount of gypsum (1o control setting
and hardening) to produce an extremely

- standard concrete ingredients at the
-concrete mixing site. Fly ash canbe <

" also be used directly as an admixture in

‘references ASTM C618, with minor -

find powder, known as "pcsrtland“
cement. Portland cement is a generic

term used to describe a particular type N

of inorganic hydrauhc cement. A

~hydraulic cement is a cement which will

combine with water and harden.

Although not cement itself, fly ash ha;s '

the property of cementation when :
combined with lime and water, and this
can complement the cementing action of
portland cement. Fly ash combines with
the water-soluble lime generated during
the reaction of portland cement with
water, and forms insoluble cementitions
compoupdq. This cementitious property -
gives fly ash two primary uses: As an
ingredient in blended cements, and as a
component of portland cement concrete.
When used to produce blended cement,
fly ash is either interground with the -

portland cement clinkér, or blended with

the finely ground portland cement %
powder (or both). When used directly in
concrete, fly ash is added to the :

used either as a partial cement

replacement in concrete, or as an added

ingredient to obtain certain desn‘ed
concrete characteristics, -

a. Blended Cement. Several U.8. -
cement manufacturers produce a -

blended cement meeting the standards ™ -

prescribed by the American Society for
Testing and Materials (ASTM]) for the
use of fly ash in cement. Blended cement
containing fly ash is included in ASTM
specification C595 and is designated as
“Type IP” or “Type I{PM).” Table 1-

indicates the extent to which Type IP or :

Type {PM) cement can be used as a
substitute for ASTM cement Types I

through V in general concrete s

construction. _
Tabla 1
ASTM R © .. Substtte
cement typa - Purpose’ fly ash
3. creerss ENGIAL PUTDOSE vort.erersiiimerrininiemseon L Yes
# - Moderate sulfate resistance and . - . Yes.

heat of hydration.

. High sulfate res:stance

‘b, Concrete Adm1xture Fly ash can .

concrete, as a partial replacement for
portland cement. ASTM specification
C311 contains requirements for the
sampling and testing of fly ash when
used in this manner. ASTM C618 is the-
standard spemflcanon for the use of fly
ash as an admixture in concrete. In
addition, the General Services
Administration maintains Federal
Specification §8-C-1960, which

diferences for sulfur trioxide content,
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loss on ignition, and the pozzolanic,
activity index. Jl

On a national level, the U.S. Army-
Corps of Engineers has used fly ash in -
concrete in various projects, most
botably dam construction, for many .-
years. Some State Departments of
Transportation have approved it5 use.
For exampleé, the Georgia Department of

‘Transportation {DOT]) revised its .
specifications in 1975 to allow fly ash to
be used as a partial cement
replacement. Since then, Georgia's DOT
has placed over three million cubic .
vards of fly ash concrete pavement and
road shoulders, and is now considering
review of the specification to allow for a
greater fly ash replacement rate, =~~~

Many ready mixed concrete producers
and concrete product manufactuers

have used fly ash for years, particularly -
in non-specification jobs where they are
responsible for the performance of the =
product, but are able to choose the
material content which will best suit
their needs both technically and =~ -~ -
economically. : o o

¢. Enhanced Performance. The use of
fly ash in cement and concrete may .
enhance the performance characteristics -
of the final products.” These advantages
can be summarized as follows: ~

1. Greater Ultimate Strength. Proper
nix design will achieve 28-day strength
:qual to or better than a typical Type I
sement. Fifty-six day strength will be j
superior in almost all cases. In Chicago,
he Sears Tower, John Hancock Center,
ind Standard Oil Building all ,
ncorporate fly ash. Use of fly ash was
ound to be the most practical and
rconomical method of obtaining high
trength mixes.. * ..

2. Improved Workability.
specification fly ash used in properly
iroportioned concrete mixes improves
he pumpability, handling, placing, and
inishing of fresh concrete, in part due to
he glassy, spherical shape of fly ash
articles which add to the “plasticity” of
hemix, oo T e e

3. Reduced Water Requirement. Due
» improved workability, usually less
vater needs to be added to the mix, .
2sulting in less drying shrinkage and -
18 cracking, o iven iy s

4. Lower Heat of Hy&f&tfbﬁ,' B ;,I o
«enerally, less heat is generated during -

1e chemical reactions between the -
sment and water, resulting in less
rermal cracking; especially important

t mass concrete applications such as
*The properties of ceinen{ and concrete which .
ntain fly ash have been examined and .
scumented. A report by the National Bureau.of .
andards entitled “The Utilization of I{adustnal By-
oducts in Blended Cements” summarizes ‘these
operties, - - Sl e T

. dams, large beams

L retaining walls, and
foundations. ST -
5. Increased Sulfate Resistance, A
proper mix with certain classes of fly
ash will reduce the chemical attacks in
concrete from sulfates contained in
adjacent soil and groundwater, These
reactions cause cracking and eveniyal
disintegration of the concrete. Fly ash
forms stable cementitions compounds
with certain cement constituents, thus
reducing the ability of sulfates 1o )
combine with these same cement
constituents. SR e
8. Reduced Alkali-Aggregate
Reactions. Certain aggregates react with
. the alkalis éenerated during cement
hydration, resulting in disruptive
expansion and cracking of concrete.
Certain classes of fly ash react with
these alkalis to form stable compounds,
thus preventing or severely reducing the
_reaction with aggregates and the-

accompanying detrimental effects. .. "; .

& Disadvantages. Several -
. disadvantages which are associated
~ with the use of fly ash can be overcome
" through properuse, (.- el .
' 1. Variable Physical and Chemical
- Composition. Fly ash can behighly -
variable in its physical and chemical
.. composition. This variability can be due
to several factors, such as coal source,
combustion process, and collection
method. This problem can be overcome
through adequate testing and quality
control of the ash. ASTM specifications
€585, C311, and C618 should be used as
minimum standards for acceptance of
fly ash. However, these material
standards by themselves will not
guarantee satisfactory performance of a -
concrete mix. Therefore, EPA Coe
emphasizes the need for quality
assurance procedures on the part of the -,
concrete contractor. Some users of ash -
(e.g. Federal and State governments)
require that those who wish to .
incorporate fly ash in concrete must
" obtain ash from approved sources.
2. Unfamiliar Users. Due to lack of

“%. widely publicized and sometimes

inadequate data on mix designs {as. > +:
compared to general purpose concrete),
fly ash concrete may be improperly < °
prepared by an unfamiliar user. Mix .
designs do exist to produce fly ash -~ =2
concrete, and in most cases flyash - .-
brokers/companies will provide
manufacturing assistance and )
- engineering design aid. The

“References” section of this guideline
refers to information on fly ash and its +
use in cement and concrete. Potential
users should familiarize themsalves with
the information in-those publications,

3. Specia[ Storage and Transportation
Equipment. Due to its extreme fineness,

fly 3§h requires the use of storage and -

) Purpasé N

conveying equipment with tight fittings.
Equipment meeting these requirements
is readily available.

4. Extended Curing Time. Mix
proportions have been developed which
will achieve equal or superior strength
to general purpose concrete at all ages,
particularly if 10%--30% fly ash is added
to a concrete mix, or if a blended cement

- with up to 10% fly ash content is used.

However, when used as a cement
replacement, superior strength-is usually

" not achieved until the age of 28 days.

5. Increased Demand for Air
Entraining Agent. Fly ash used in )
blended cements and concrete will often
cause an increased demand for air
entraining agent. With proper testing
and quality control, the need for
entrained air can be satisfied. The cost
of the additional air entraining agent
and quality control is often balanced by
the cost savings associated with fly ash
use. . Sl
{4) Federal Purchasing Power. Almost
one-half of total U.S. cement-
consumption is in public construction
projects (public buildings, public works,
transportation). Since Federal funds
account for nearly two-thirds of the
funding for public construction
nationally, approximately 23 million
tons of cement is purchased annually
either directly or indirectly with Federal
funds. These 23 million tons mark the
theoretical universe to which this
guideline applies, ’

The actual figure may be lower,
however, as some of these cement
applications may not be technically,
appropriate for the use of fly ash. In

Nl

“addition, some of these Federally-

funded projects already incorporate fly
ash. On the other hand, with the ;
anticipated “ripple effect” of private -
purchases being influenced by these_

 public purchases, the impact could be .

substantially increased.

Guideline for Federal Procurement of
. Cement and Concrete Containi

Ash '

The purpose of this guideline is to "

increase the use of fly ash in cement and
concrete purchased with Federal funds,
Fly ash is a by-product of coal
combustion. lts increased use in cement
and concrete will help reduce this
source of solid waste. At the same time
this will conserve both significant

amounts of energy and natural resources

used in making cement. Cost savings

- can be achieved while providing a

product that can be equivalent or even
superior to cement and concrete made

using only virgin materials.

ngFly - -
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This guideline will increase the
demand for recovered fly ash in
Federally-funded construction. This
increased demand should improve the
marketability of fly ash and promote
wider acceplance of it as a cement
substitute and concrete additive. This
together with the cost savings of fly ash
in local markets may result in its more
widespread use in non-Federally funded
construction as well. ~ :
Contents of the Guideline

This guideline designates fly ash used
in cernent and concrete as a product
area for which procuring agencies must

-exercise affrmative procurementunder
Section 6002 of RCRA and presentis
recommendations for carrying out the
requirements of Section 6002 with -
respect to fly ash used in cement and
concrete. RCRA defines procuring ™ =~
agencies to include not only Federal
agencies, but also state and local
agencies, grantees, and contractors
which are using Federal funds to -
purchase cement and concrete.

Section 6002 of the Act sets forth
certain requirements for procuring
agencies. These requirements include (1)

- eliminating from:specifications any
discrimination against the use of
recovered materials; (2) purchasing
‘products which contain recovered
material if reasonable levels of technical
performance, cost, availability, and.
competition can be achieved; and (3}
obtaining certification from suppliers of -
the actual percentage of recovered
materials used in the performance of the
contract. {The proposed amendments to
RCRA change this last requirement so .
that suppliers would certify that they
have met any minimum contractual
requirements for including recovered -

" materials.}]

To assist procuring agencies achieve
compliance with these requirements,
this guideline recommends that ‘
procuring agencies who purchase
cement or concrete adopt a.dual bid.. .
approach and solicit bids for both
portland cement alone and portland
cement with fly ash {either as a blended .
cement or as an admixture) except
where the use of fly ash would be
technically inappropriate. This guideline -
further recommends that a procuring
agency which knows cement or concrete
c¢ontaining fly ash is reasonably S
available, technically appropriate, and
economically competitive with portland
cement or concrete should only solicit
bids for cement or concrete containing
fly ash. In addition, this guideline .
recommends that procuring agencies
revise their guide specifications and
design guidelines to ensure that fly ash
use is allowed, except where techuically -

Y

- guideline, this preamble and the support
S © apply to “procuring agencies.” The term-

_consideration,.

inappropriate. It suggests certification

. procedures which utilize the existing

review and approval mechanisms
already imposed by procuring agencies.

Phased-in implementation, with
specification changes to be made in the
first year after publication of this
guideline and purchases to begin in the
second year, is recommended.

Discussion of Proposed Guideline

This section of the preamble
summarizes and explains the proposed
guideline and its integration with the
requirements of Section 6002 of the Act.
The recommendations of this proposed
guideline, with regard to specifications,
purchasing, and certifications are
nonmandatory and adherence to them is
voluntary, These recommendaticns
represent the best information available
to EPA and provide suggested ‘
procedures for achieving compliance
with Section 6002, EPA s pecifically
requests comments on certain issues,
although comments are invited on all
issues contained in the proposed -

documents, L
Scope - - v - A

The scope of this guideline is limited
to the use of fly ash in.cement and
concrete, - .. - ER

Fly ash can also be used in many
other construction applications, such as
road base material, structural fill and
embankment, and as lightweight
aggregate. However, the technical and
economic issues related to these uses of
fly ash are sufficiently different to
warrant separate consideration by
procuring agencies. The Agency intends
to prepare guidelines on a product-by-
product basis. Guidelines on the use of
fly ash in road bases arid structural fill
and embankment are.currently under

The Agency considered expafmding

 this guideline to include the use of . .

granulated iron blast furnace slag in
cement and concrete. However, -
granulated slag of the quality and
quantity required is not currently
available. In addition, iron blast furnace
slag is already reused at a very high
rate, as aggregate and as fill material,
The Agency may amend this guideline ‘
or issue a separate guideline in the
future as performance, cost; and .. . .-
availability of granulated blast furnace
slag is established. T g
- Similarly, silica fume, the by-product -

. dust resulting from the manufacture of

silicon metal and collected in the air
pollution control devices, has been
studied for its use in cement and

- concrete. The U.S. Army Corps of

Engineers has developed results which 7

“extremely beneficial in increasing the

indicate that silica fume canbe .~

resistance of concrete to sulfate attack
while generally maintaining early
strength similar to that of portland .
cement concrete not containing the dust
However, additional technical e
information and standards need to be .
developed before this material is used o |
cn a national scale. Thus, a specific
procurement guideline is notcurrently
appropriate for silica fume.
In the meantime, agencies, should
apply the general provisions of this
guideline in those cases where suitahle ;
granulated slag, silica fume, and other
recovered materials become available.
This guideline should not be construed
as preventing the procurement of other -
recovered materials suitable for use in_

cement and concrete, 7.
Comment is requested on the o
Agency’s decision to limit the scope of
this guideline to the use of fly ash in -
cement and concrete. . -l

Applicability ; :
The requirements of Section 6002

“procuring agency” is defined by the Act
as “any Federal agency, or any State .~
agency or agency of a political o
subdivision of a State which is using
appropriated Federal funds for such
procurement, or any person contracting
with any such agency with respect to
work performed under such contract.”
This guideline recommends that any
purchases of cement or concrete made
with Federal funds, either directly or -
indirectly, allow for fly ash to be hid as -
an alternate material, unless it can be
shown that the use of fly ash is
technically inappropriate for a particular
construction application:. This guideline
further recommends that a procuring:
agency which knows that cement or-
concrete containing fly ashis
reasonably available andgost "7
competitive with portland cement or -
concrete should only soleit bids for -~ =
cement or concrete containing fly ash;
assuiming the agency knows that a -
salisfactory level of competition will -
also be maintained. ~ - S
With regard to direct purchases, there
are several situations to which the
Agency believes this guideline should
apply. Although the language on:
applicability in Section 6002 leaves
room for interpretation, the Agency
believes the recommendations here best
describe the intent and practical
application of Section 6002, .- _
The first is the case where a Federal
agency purchases cement, either in bag
or bulk form. The agency itself may use
this cement or it may supply the cement
to other persons or the cement may be -
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used by a person performing
construction services for the Agency.
For example, if the Department of
Defense, Navy, were to purchase cement
for use on a construction job, orifa
general contractor or subcontractor
were to purchase cement for use on that
‘job, all would be subject to the
provisions of this guideline.

A second case is where ready-mixed
conerete is purchased directly by a
Federal agency. The same scenarios
applied to direct purchases of cement
apply here. If a Federal agency .
purchases ready-mixed concrete for its
own use or, more likely, if a person
under contract toor in support of a
Federal agency purchases concrete, then
the provisions of this guideline apply.

Indirect Federal purchases of cement
and concrete are also subject to this

more than $10,000 worth of cement or
concrete during the course of any fiscal
year. The rule is complicated if a
procuring agency purchases concrete
“services,” which would not only
involve the supply of the product but
also placement, finishing, etc. Even more

- complex is the case where a contractor

is assigned all construction activities for

a particular agency project, including
subcontracting authority for concrete ..
work. In such cases the actual cost of
the cement or concrete may not be
readily determinable. EPA is proposing
that the $10,000 limitation include the

~ cost of services related to purchase of

guideline. This is where the coverage of -

the term “procuring agency” becomes
critical. Foremost among indirect
consumers of cement and concrete are ..
the Depariment of Transportation -
{including the Federal Highway
Administration, Federal Aviation
Administration, Urban Mass Transit
Administration); the Départment of
Health and Human Services; the
Department of Housing and Urban -
Development; and the EPA itself -
{wastewater treatment works B
construction grants program). All these
agencies are involved in the Federal
funding of construction programs for or
through state and local governmental
authorities. Any purchase of at least

$10,000 worth of cement and concrete by

these groups—or by contractors, .
subcontractors, grantees or other
persons using Federal funds resulting
from grants, loans, funds or similar
forms of disbursements of monies—is
subject to the provisions of this
guideline. . e
EPA recognizes that these cases of
indirect Federal funding may present the
most difficulty for implementation. For

instance, while the Federal Procurement

Regulations and Armed Services . .-+
Procurement Regulations control all.
Federal agencies in the case of direct
procurement, each individual agency
establishes its own grant regulations. In
addition, agency reviews appearto
exert little influence over the
composition of materials used in
construction activities. An agency's -
primary interest is that the project -
performs as intended. EPA specifically
requests commments on the guideline's

-

the product as well as the cost of the
product itself, at least in those cases
where the separate cost of each cannot
be practically determined. Comments
are solicited on this jssue, ~ -

. This guideline should not apply to

ronstruction activities being performed

which are only.tangentially related to
Federal funding. For example,a =

» contractor may perform laboratory -

experiments and bench-scale tests for
the Government under a contract. In -~
order to carry out his responsibilities he
may need to expand his existing
physical facility or construct a new one.
The cement and concrete used in that
structure would not be subject to the
requirements of Section 6002 or this
guideline, even though some of the funds
received from Federal contract
payments might be used to finance the
construction. We request comments on |

this issue, 2

Definitions

7 Of the definitions which are contained

in this proposed guideline, most are self-
explanatory and non-controversial and
therefore need not be addressed in this
preamble. In addition to the definition of
“procuring agency” discussed above, the

terms “recovered material” and “solid -

waste” deserve discussion. = ©,
The requirements of Section 6002

apply to products containing recovered

materials. The definition of “recovered -

“material” contained in this guideline is

the same as that in RCRA. The term is
defined as “material which has been .

- collected or recovered from solid

waste.” Confusion exists regarding

exactly what materials qualify as ~

recovered materials, For example, can a -

material which has never been “thrown

away" or “discarded,™ as is often the .- -

- case with fly ash used in cement and

applicability and practicality for these . ~

indirectly funded programs.

Another important issue here is the
applicability of the $10,000 rule. The
guideline would apply where a
procuring agency directly purchases

“concrete, be considered a recovered

material? The answer to this lies in
determining whether the material in
question is in fact a solid waste, as

discussed below.. - z.ox e s .
The definition of “solid waste” used

in this proposed guideline is that used in

_ from a solid waste stream. -

- the use of fly ash to the
< extent.’ S R

- To assist agencies in achieving ~

- compliance with this requirement, the
_ guideline makes several e

the Hazardous Waste Management
System regulations, promulgated by EPA
‘on May 18, 1980. The statutory definition
of "solid waste” in RCRA makes unclear
EPA’s authority to regulate the use,
reuse, recycling, or reclamation of
wastes. Many commenters on the
hazardous waste regulations argued that
EPA could not regulate materials as
solid wastes which were recovered and
reused, because such materials were not
“discarded,” “thrown away,” or
“abandoned,” (terms used in the.
preamble to the proposed regulations),
Among other things such a position
would preclude EPA’s ability to write
guidelines for Federal procurement of
recycled products (including fly ash)
under Section 6002 of RCRA unless the
recycled material had at one time been
completely abandoned and recovered -
EPA disagreed with these
commenters’ position in publishing the .
final regulations for hazardous waste
management, Solid wastes do not cease
to be solid wastes simply because they
are being used, reused, recycled, or
reclaimed. Rather use, reuse, recycling,
resource recovery, and reclamation are

.ways of managing solid wastes which, if

properly conducted, can avoid - -
environmental hazards, protect scarce”
land supply, and reduce the nation’s
reliance on foreign energy and
materials. Thus, according the the
definition of “solid waste” now used in
this proposed guideline, fly ash is

. clearly a solid waste, and fly ash used in

cement and concrete is clearly a
recovered material under Section 6002 of
RCRA, Ut

Specifications

Section 6002 of the Act requires
revision of all specifications for cement
and concrete for which Federal agencies -
have drafting and review responsibility
so0 that they no longer exclude the use of
fly ash—and so that they incorporate

‘recommendations on specifications. It

- “suggests alternatives to an otherwise -

strict interpretation of Section 6002.
There are three major categories of
specifications for which- .~ ... . -
recommendations are made: .

* Guide specifications—typically,
model standards or specifications issued
by a procuring agency, which are
suggested or required for use in the
design of all of the construction projects

. .of an agency {these are often referred to

as design standards or design
guidelines). . .

76511
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¢ Contract specifications—a precise
set of specifications prepared for a
particular construction project, which
contains such items as design, =
performance, and material requirements
for that project.

¢ Material specification—a
_ specification that stipulates the use of
certain materials to meet the neﬂessary
performance requirements.

Guide Specifications

Procuring agencies will need to review
and revise guide specifications to -
comply with the recommendations of -
this guideline. In doing this, the agencies
will need to éliminate any
discrimination, either direct or indirect,
against the use of fly ash in cement and
concrete, Ir addition they must ensure

that guide specifications require that the -

use of fly ash be considered and ‘
incorporated, where appropriate, into
contract specifications for individual

construction projects. EPA recommends )

a period of six months after the date of
final promulgation of the guidelirxe to -

complete review and revxsmn of gmde
speufxcatxons. N s e

ContmctSpemﬁcatlons S

Ultundtely this gmdehne will have 1ts '

greatest effect on contract specifications
_which are prepared for each individual -
construction project. The guideline
recommends that agencies make sure
that specifications for individual
-construction coentracts allow for the use
of fly ash as an alternate material, o
unless it can be shown that this would -
be technically inappropriate. It also
‘recommends that the agency document
decisions to exclude fly ash from
contract specifications, i order to
. respond %o possible protests or inquiries.
Placing the burdenupon the procunng ‘

agency to assure that fly ash is allowed. -

in contract specifications is particularly .

important where the design functionis |
outside this agency, where: construction .
projects are being performed as a result -
of grants, loans, funds, etc. Thus itis- . -
critical that the technical officeror . - :

engineer on.a coniract work closely with
the contracting or grant officer to assure

that fly ash is appropriately considered. -

EPA recommends that procuring
agencies take no more than twelve
months from the date of final

promulgation of the guideline to assure

that contract specifications reflect the
requirements of Section 6002. EPA -
requests comments on any issue related
to revision of guide specifications and

" contract specification. N

Material Specificats onsme 'y Ash
Content

Both Federal speciﬁcalions and
national voluntary consensus standards
exist for the use of fly ash in blended
cement and in concrete. Rather than
actually revise existing material
specifications for portland cement, for
instance, procuring agencies are
expected to make maximum use of these
existing material specifications.

This guideline suggests no minimum,
maximiun, or absolute level of fly ash
content in blended cement or concrete
which is subject to this guideline,
Flexibility is necessary because of

“variation in fly ashes and cements,

strength requirements, relative costs,
and even local and regional construction
practices and climatic conditions. ‘
The provisions of ASTM specification
C595 for blended hydraulic cement -
require that type IP cement contain 15%-
40% fly ash and that Type I (PM] cement
contain 0-15% fly ash by weight, thus.
allowing fly ash content to be specified
in a range from zero to forty percent. A

. typical blending rate in the industry

appears to be around 20%. However, the

- actual proportion to use needs to be

determined on a job-by-job basis in

. ‘accordance with established mix design-

procedures and performance needs,

When used directly in the
‘manufacture.of concrete, industry
practice indicates that more fly ash
should be used than the amount of
cement replaced. This ratio should be at
least 1.25-1.50 fly ash to 1.00 unit of
cement. Typical replacement rates are
around the 15% level, but the actual
percentage needs to be determmed ona

“job-by-jeb basis. '

Allowing the use of low levels of fly
ash in cement and concrete may
encourage additioral companies to
experiment with the product and gain
expertise. This could ultimately increase
the number of companies using fly ash,

- and the amount of fly-ash they use, -

Information contained in' the

“References” can be used as guidance in
- the lowest pnced responszble offeror, -

determmmg proper ﬂy ash content. -
Performance Standards '
It is often claimed that designs of

construction projects are conservative - -

.and, as a safeguard, intentionally -

- .increase the strength requirements -

beyond what the design criteria actually
requires. Setting concrete strengths

which are higher than actually needed -

during the several days following .
concrete placement (i.e., “high early
strength”) can deter the use of fly ash. -
- Although fly ash will generally enable a
concrete to achieve a higher ultimate

" . strength (e.g. at 28, 56, and 90'days),

. product. This section of the guideline
contains recommendations for sahsfymgL

“should solicit bids for both portland -

" -recovered material product be -

very high early strength can be achieveé g

only by adding fly ash to the mixture

without reducing the cement content. In "

this situation, the ecomomic and energy

conservation advantages of using fly ash i

are sharply diminished.

EPA recommends revising certain
performance standards where
appropriate, primarily to extend the
period for strength evaluation. EPA
requests comment on this issue, Any
suggasted revision to the proposal
should be supported by appropnete d&ta
and/or documentdtxon N

Purchasms : .
EPA is dea{,natmg ﬂy ash ubed n .

cement and concrete as a product area 7

for which procuring agencies must .
exercise affinmative procurement.

actions under Section 6002 of RCRA. As.
discussed in this Preamble under the

section entitled “RCRA Amendments,”

when EPA “designates” a product area ~
through the issuance of guidelines,
RCRA requires that procuring agencies
take positive steps to purchase that

the affirmative procurement
requirement, - D

Bidding Appmach

. EPA recommends that procmng
agencies utilize a dual bid approach for -
cement and concrete purchases. All bid
solicitations for cement and concrete

cement or concrete and cement or

concrefe containing fly ash, where

technically appropriate. Award wouid

be made to the lowest priced g
responsible offeror.

EPA further recommnnds that where
the application is technically *
appropriate and where a procuring
agency is satisfied that cement or
concrete containing fly ash'is )
reasonably available and its bid price-
.will be competitive with that of portland

- cement or concrete, only bids for cement -

or concrete containing fly ash should be
‘solicited. Award would still bemade to

EPA yonmdercd ”ecommendmg that
procuring agencies require the use of
cement or concrete containing fly ash i m
all cases where it is techmcally
appropriate, even where procuring
agencies did not know it to be
reasonably available or cost
competitive, EPA did not choose to taks
this step for several reasons:

(1) Assuming satxsfactoxy technical -
performance, RCRA requires that a

V A:’Iowmg vs. Hequzrmg Sole Use of Hy ’
CAskh :
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purchased only if the product is
available in a reasonable period of time,
the product can be obtained at a
reasonable price, and the purchase is
consistent with maintaining a
satisfactory level of competition. If
cement or concrete containing fly ash
were always required where technically
appropriate, the burden of determining
reasonably levels of price, availability
and competition would fall completely
upon the contracting officers, most likely
prior to issuance of a solicitation.
Procuring agencies have indicated that
in many cases, they do not have the
expertise or resources to accomplish
this. When the use of fly ash is merely
solicited through & dual bid approach, -
however, market conditions will
determine price and availability and
whether a satisfactory level of - - e
sompetition exists. Procuring agencies i
san thus use this dual bid approachto .
iscertain availability, price,and |~
sompetition for use in future - 0
solicitations. U
{2} Many contractors still lack ;
<nowledge of the proper use of fly ash'in y
soncrete and of the means of ensuring ©
juality control. Under a requirement
hat only bids for cement or concrete ,
sontaining fly ash must be solicited, -
‘ontractors inexperienced in the use of
1y ash might submit a bid in order to
secure award of a contract, but might be -
nable to provide a satisfactory product. -
‘orcing the use of fly ash could also lead -
o the use of lower quality ashes which
night have deleterious effects on . .
ioncrete. While cement and concrefe
uppliers are clearly responsible both
or the quality of the ingredients of their ..
roduct and for meeting appropriate
rerforinance standards, simply . :
ecommending that a procuring agency -
olicit bids on cement or concrete . ..
ontaining fly ash only where it knows . - -

uch cement or concrete to be. A
easonably available from responsible .-
uppliers may, at least in the early . -
tages of implementation of this ..
rogram, create a more favorable .
tmosphere for acceptance of the ..
roduct over the long term as more users -
ain experience with it. o0 w2 e
{3) Requiring the use of fly ash as a
artial cement replacement in cement -
nd concrete would effectively preclude -
se of other recovered materials in’ = o
ement and concrete. As discussed in
iis preamble under the section entitled
Scope,” recovered materials such as
on blast furnace slag and silica fume -
1ay be used successfully in concrete,
specially in the future. Although this.-
sideline applies only to use of fly ash, *
1e general provisions of it should be
pplied in those cases where other.

* procurement principles. -

~considered establishing some type of
- “sliding scale” which would allow - . .-

.for the supply of various ranges of fly -

. probably invite numerotus

.should be established for use
., construction projects. - 7
-~ However, if procuring agencies desire

.requirements, they may consider a

-experience is obtained. -

* Recommendations as td?ricé,'f o
- Competition, Availability, and
- Performance T e B

Prices

© suitable recovered materials become

available. Excluding such recovered
materials could be a major setback to
their development. = "~ .

Bid Alternatives )

Situations may occur where two or
more low bids are received which offer
different levels of fly ash content. While
it generally would be desirable to make
award to the bidder offering the highest
fly ash content {assuming technical
performance is maintained), there is a
problem if that bid price is higher than
that of other suppliers. To make award

“ to the higher bidder would be contrary

to certain fundamental governme

nt

To avercome this problem, the Agefmy

credits, and in effect additional payment

ash in cement and concrete. This
alternative was rejected because it

“seemed too cumbersome to develop and

implement, because it lacked statutory
authority, and because procurements
made under such an approach would "~

protests from
the losing bidders. ST A
~ As another alternative, the Agency

‘considered establishing a minimum level

of fly ash content for those contractors
wishing to supply fly ash. If the lowest
costs responsible bidder offered fly ash,
at least this minimum requirement of fly

. ash content would be necessary to be
.- awarded the contract. The problem with
this approach is that no one level of fly

ash content, even a minimum level,
in all

to establish some minimum -

modification of this alternative. On a-

- project-by-project basis, a minimum
‘level may be established based on
- technical performance needs, past
. experience, local construgtion practices,

ete. Award would be made to the lowest

-, priced responsible offeror, and if fly ash_
is used, the supplier must at least meet
=" the minimum fly ash content established
* for that particular job. This minimum E
»need not be established immediately, = -

but may be set after sufficient

Section 6002 raises the issue of -
“reasonable” price. Congress did not
say that a recoVered material product
need cost less than or the same as the -

virgin material product it replaces, but
merely that its cost be reasonable. EPA.
feels that Congressional intent could
mean that the recovered material .
product may in fact cost more, but not

much more, than the virgin product. EPA

considered setting a limit on how much
more could be paid for a recovered
material product, such as five percent,
The Agency rejected this idea. The
allowance for payment of a premium for )
recycled products is contrary to
fundamental Federal procurement laws,
which generally require that awsrd be
made to the lowest price responsible
offeror. In addition, it is unnecessary
since the use of fly ash in cement and -
- concrete is itself cost competitive. No

price premium should therefore be paid . | -
- for cement or concrete containing fly

ash. Indeed, to allow a premium
- unnecessarily inflationary.. . -

may be

" This guideline leaves the -~ -~ - .

: - determination of reasonable price to the - -
“discretion of the pracuring agency, -

., although the guideline does suggest

" general procedures for determining

- reasonable prices and price competition, -

" -based on procedures contained in the :
- Federal Procurement Regulations -

. -applicable to certain types of -

procurements. The Agency cautions .
against determining reasonableness of -
price by comparing spot prices for

© -~ relatively small quantities of cement or

concrete containing fly ash with
competitive bids for volume purchases

of portland cement or concrete. :
Comments are requested on this issue of -
reasonable price, ' oo

Competition = A

The primary purpose of competitionis - -

" to secure the lowest price for a

given - -

;= . product. Federal procurement

.. procedures state that adequate .
competition is usually presumned to exist
if: (i} At least two responsible offerors

.. {ii} who can satisfy the Government's

- requirements (iii) independently N

compete for a contract to be awarded -

~{iv) by submitting priced offers P

“responsive to the expressed -

requirements of a solicitation. In* 17 v
~ addition, the prices should be examined -
for reasonableness: Using the bid et

there should be no problem in achieving

i reasonable competition. Solicitation of

“* fly ash bids alone is recommended only
. where the procuring agency is satisfied . -
- “that the price of cement or concrete

containing fly ash is reasonable and that -
* the product is available. Solicitation of

.+ . bids for both portland cement of
~ “conerete and cement or concrete o
- containing fly ash is recommended in all - o

- other cases, thus enabling the procuring

~,
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agency to better gnarantee overall
competition.
The existing Federal procurement

procedures do not suggest comparing

contracts with respect to numbers of
bidders. They merely require that there
be a sufficient number of bidders for
adequate price competition for the
particular contract at hand. EPA feels
that as long as prices can be determined
to be reasonable for cement and
concrete which contain fly ash, then
competition should be presumed to
exist, no matter what the number of
prospective offerors.

Aveilability and Delays Ly

The Agency dbes not feel that
procuring agencies should have to
iolerate any unusual or unreasonable-
delays in obtaining cement or concrete
which contain fly ash, other than delays
which may be typically associated with
portland cement and concrete. as - -
specifications and purchasing practices
are revised to allow for the use of fly
ash, this material should become more

. quickly as possible, the Agency

recognizes that problems could ocour—
in both the marketplace and
governmental procurement sys’em———lf
implementation is pushed too rapidly.
For example, the cost of fly ash suitable
for use in cement and concrete could ‘
rise dramatically until the supply of-
suitable ash and storage capacity has a
chance to increase, Construction
contracts might include allowance for
fly ash where it is technically
inappropriate. Thus, this guideline-
recommends a phased-i -in appzoach to
implementation.

The first year after una} publication of
this guideline would be reserved for
specification review and revision.

o Begiﬁning in the second.year, pmcuring
~ agencies should conform their purchases

. of cement or concrete to the
. recommendations of this guideline, in..

- the manner discussed above :

- Certification

“In accordance with Section 6002 of the
“ Act, vendors are required to certily the

widely available both geographlcaﬂy ~__ percentage of fly ash being included in

and in terms of the number of
businesses W1lhng and ab}e to supply 1t

- Per, farmance

The issue of reasonable performdnce
is addressed in this preamble under the
subsections on “Technically Proven
Uses,” “Specifications,” and “Quahty
Control.” Additional technical

- performance information is contained in’

the “References” section of this
guideline.

In general, fly ash blended cement can
be considered substitutable for all
ASTM cement types except Type III,

- High Early Strength {and even these
requirements can be met by adding, but
not substituting, fly ash). However, from

a practical standpoint, the use of fly ash *

.should be determined on a job-by-job
basis, as there may be specific technical
applications which would preclude the
use of ﬂy ash. The purpose of :
comparison to “reasonable” .

performance standards is to elimmate .
those standards, specifications, .- ..

procedures, and practices which are.
overly restrictive and which
discriminate, either directly or

indirectly, against the use of fly ash. The

use of reasonable performance .
standards is also intended to assure that
the necessary technical performance
requirements are still maintained, and
that product quality is not reduced
below acceptable lu’mts :

Time-Phasing

Although the requirements of Section
6002 and the recommendations of this
guideline should be implemented as. . .

the cement or concrete bemo supplied

> under the contract. This certification ‘
" requirement is to take effect after a date
" to be specified in the guideline. -

The exact certification procedure and
language to use is in part dependent -
upon the bid mechanism which is
employed, as discussed in this preamble
under the section titled “Purchasing—
Bidding Approach.” For example, if fly
ash is allowed and the level of fly ash
content is left to the discretion of the

. supplier, the content level should be

presented in his bid. If a minimum level
of fly ash content is.required, a bidder
should certify that the minimum is being
met, and also what percentage will
actually be used. This information is not
only useful in establishing future

" contract requirements, but is most likely

a necessity in evaluating the concrete .

‘mix design.

A sxmple certification ciause is
“ contained in the Code of Federal

Regulatlons, 41 CFR Part 11, Subpart 1~

1 2504, which states: ..
The offeror/contractor cemﬁes thdt

-« recovered materials will be used as required

by specifications referenced in the

solicitation/contract,

The opinion of the Agency is that by

. signing the bid document/solicitation,
- the cement or concrete supplier is in

effect agreeing to meet the fly ash
content requirements. Thus, no separate
form, signature, etc. is needed.

In addition to the inclusion of such a

certification clause in all solicitations,
o the percentage of fly ash used should
“normally be certified on a per project or

per shipment basis, as opposed to

certification of the average amount to be -

used over the course of a year, for
instance. Except for technical

_ performance purposes in concrete mix

design, a procuring agency may allow
the percentage to be certified within a
small range, rather than requiring an
exact percentage. The purpose of this
flexibility is to not discourage potential
suppliers who may be fearful thatif an
exact percentage is certified for a
government contract, onfy that exact
percentage may be supplied. Weather
conditions or material variations, for
example, may require modification of
the concrete mix design and therefore
the fly ash content.

Comment is specifically requested on .

the issue of certification.

Quality Contral ) ,
Nothmg in this cemf}catlon section

“should be construed to relieve the

contractor of responsibility for providing
a satisfactory product. Cement and
concrete suppliers are already
responsible both for the quality of the
ingredients of their product and for
meeting appropriate performance
requirements. .

The responsibility for insuring the
quality of blended cement lies with the'
supplier. ASTM specification C595
specifies adequate requirements for
guality control of fly ash used in
biended hydraulic cements. Most
biended cement manufacturers maintain
quality control programs. No additional
testing above that which would be -
required of any cement should be
necessary on the part of the user/builder
to insure compliance with this

specification. However, the user must be -

conscious of any differences whichmay
exist in the-field application of blended

cement containing fly ash Vs, portland :

cement. -

¢ The responsibility for insuring the
quahty of fly ash used as an admixture
in concrete is shared by the builder and

- the concrete or fly ash supplier.
Although many suppliers of fly ash have.‘

their own quality control program, -

commenters have pointed out that

ASTM specification C618 may not be
sufficiently stringent to ensure all ashes

" which comply are really suitable for - -

general use as mineral admixtures in
congrete, particularly when chemical

- admixtures such as air entraining agents

are to be used. ASTM €618 has recently

been revised and the new specification’

should be available in the near future.
However, there is no agsurance that

all ashes which comply will be suitable .

for all uses. Fly ash and concrete
suppliers should be expected to

demonstrate (through reasondble testmg :
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programs or previcus experience) the
performance and reliability of their
product. The judgment of the builder
must be used in evaluating: ,

- {1} Whether additional testing is
necessary to insure the performance of
the concrete, and T

{2) Whether such testing is cost
effective when compared with the cost
of using other materials,

Fly ash which does not satisfy at least
ASTM specifications should not be used
in cement or concrete on Federal
construction projects. o

For those agencies desiring a testing” ~
or quality assurance program for
cements, blended cements, or pozzolans,
the U.S. Army Englneer Waterways =~
Experiment Station (WES), P.O, Box 631, .
Vicksburg, Mississippi 39180, may be
contacted. WES is the agency =~ = 7
tesponsible for testing such materials for .
Federal agencies.” = 7 " ~ U S

Corament is requested on, the issue of -
quality control for fly ash.. .~ 7

Enforcement and Monitoribg

EPA expects full cooperation from all
Federal Agencies in implementation of
this guideline. The Office of Federal
Procurement Policy {OFPP) has the
najor responsibility for overseeing
mplementation of Section 6002 of :
RCRA. The enforcement powers of EPA -
ind OFPP are limited mainly to -
awbening. However, given the high
evel of public and Congressional -
nterest in resource recovery and energy
:onservation, substantial pressure may -
»e brought to bear on organizations )
w~hich fail to comly with the intent of the
wideline. - SR

The OFFP is responsible for
uonitoring and reporting annually to
Songress on the actions taken by
yrocuring agencies in implementing
section 6002 of RCRA. OFPP has
mposed a reporting requirement upon
he procuring agencies to gather this )
nformation. EPA, in conjunction with
he OFPP, will monitor the impact of this
rarticular guideline on the procurement °
wactices of Federal agencies andonfly
ish use. Should it become apparent
turing the next several years that this,
wideline has not been effective in
romoting the use of fly ash, EPA may
womulgate a recommendation that the
ise of fly ash be required, S

Procuring agencies should investigate
ecovered material certifications if there -
s a doubt about their validity. This .~
ioubt could arise based upon the expert
nowledge of the contracting officer, or
w inguiries made by competitors about
ne validity of certification. Procuring
gencies should also investigate claims
:om those desiring to supply fly ash
1at they may still be precluded from.

 time after publication of this guidel

. certification requirements,
“ . In this and other sections,

" Analysis: (1) The program objectives, {2)

~ . .shall represent the
< Effects

 construction. Adding capacity with fly

_cost of a new plant ($5-$15 per ton

‘mixed concrete producers, concrete.

bidding for reasons other than technical

- performance requirements, .

Date - LT
. EPA is charged with designating a

ine at
which certification requirements will «
take effect. Certification of fly ash
content should be a part of any
solicitation which allows or requires the
use of fly ash in cement or concrete.
This guideline recommends z twelve
month period after publication for

" review and revision of all guide and

continuing contract specifications. After
this twelve month period any

. solicitations/contracts issued should
- either allow or require that fly ash be

supplied, and thus should incorporate

¢ the " .
preamble contains discussions of the
four elements required in a Regulatory
our consideration of regulatory '
alternatives, (3] a general assessment of
our choices and {4) the raticnale for our

S+ decision. EPA believes it is complying
- with the intent of Executive Order 12044
“because of this and othér efforts, . -

including the preparation of more
detailed background documents to
support the analyses below, These

- documents may be examined at the U.S.

E.P.A. Headquarters; Room 2416, 401, M
Street, SW., Washington, D.C. 20460 and
at E.P.A. Regional Libraries: If there are
apparent inconsistencies between these
documents and the preamble, the latter -
Agency's position. -

{1 Ecohvomic‘sam}zgs. This guideline

" should help the cement industry by - -« =
""" reducing both energy costs and capital

investment requirements for capacity

. expansions. Adding capacity by using
fly ash to produce blended cement is a s

viable alternative to new kiln:v o2

ash involves about ten percent of the.. .

added capacity using fly ash vs. $125- -

- $185 per ton for a new cement plant)._ - -

The purchased energy cost associated -

* with cement production represents one-
“third of the finished value of the -

-, cement—very high in relation to other
“building materials. At a typical blending

rate of 20 percent, fly'ash in cement can .
reduce total energy use about15 .
percent. The portion of total cost -
represented by this energy savings—
currently five percent—will grow as the -
cost of purchased energy increases. -
For cement consumers, ie.ready .-

I3

product manufacturers, and highway
contractors, fly ash can reduce raw
material costs. Cement prices range
from $40-880 per ton, while fly ash
suitable for use in concrete may range
from $15-$50 per ton. Depending on the
replacement rate and relative price of
- the two materials, substituting fly ash
© can save 5 to 15 percent of the cost,
Procuring agencies may notbeina
position to realize the savings described
here. Because of the pricing structure
and concentrated nature of the cement
industry—and the fact that a properly
blended cement containing fly ash
performs as well or better than portland
‘cement—blended cements containing fly
ash (ASTM Types [P and I{PM)) may be
" priced at the same level as ASTM Type ]

.-, portland cement. However, concrete

producers are able to take direct

" “advantage of decreased raw materials . -

cost by purchasing fly ash as a partial .
cement replacement. Given the greater
competition among the large number of
firms in these industries, bid quotations
for concrete may reflect part of these
" savings. - SRR
" (2) Energy Conservation. In 1976, the
portland cement industry accounted for
- two percent of total energy used by U.S,
- industry. Although the cement industr
has steadily reduced its energy

consumption per unit of product over the -

past several years, the use of fly ash in
producing blended cements can still
- save a significant amount of energy. -
Seventy to eighty percent of the
energy used in cement production is
consumed during the pyroprocessin
stage, where raw materials are

- subjected to intense heat and chemicéily

react to form cementitious compounds,

or clinker. The clinker is ground into the

fine powder known as cement.- .

Replacing the cement clinker with fly
-ash {on a one-to-one ratio by weight)
-reduces the amount of clinker - = .

produstion required per ton of finished

cement. Energy savings are proportioned
. to the percentage of fly ash used in the

- blend. Assuming a twenty percent

» replacement rate, the savings may range
¢ from about 13 to 19 percent of total
~.energy used in production. -

indirectly if fly ash is used as an
~.admixture at their plant. Replacing a -
:portion of cement with fly ash in the

. final product would reduce the

production needed from the cement
industry, and thus would reduce energy
--gonsumptlion. Each ton of cement .
- replaced would save approximately
-:5,750,000 BTUs of energy.

.+ . (38) Environmental! Issues. (a} Beziéﬁfs., T

.The use of fly ash in cement and
. concrete will have a positive effect on -
.the environment,

76915 -
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the land, air, and water. It will do this
by reducing (1) the quantities of fly ash
requiring disposal, (2) the mining and
processing of raw materials used in
cement pmductxon and {3} the cement
plant emissions per ton of blended
cement produced or per ton of cement
replaced with fly ash.
* If current usage rates continue, by
1985 60-65 million tonis of fly ash
annually will require disposal.

Approximately 10-20 million tons of this -

fly ash are estimated to be suitable for
use in concrete, This guideline can affect
the practices of collecting fly ash,
especially from new sources, and can
reduce the qyantities which require
ultimate disposal. Thus, the use of fly
ash in cement and concrete will provide
a more environmentally acceptable way

to manage these substances than would

otherwise be available.
. Current practices for cement
manufacturing, and current disposal - .
practices for fly ash, can havea
_negative effect on air guality {increased
dust), water quality {surface and -
groundwater contamination), land use,
noise, and aesthetic value, The use of fly
ash in cement and concrete can reduce
these effects in several ways. For --
example, it would reduce the need for
such raw materials as limestone and -

clay, whose mining and pmcessmg can

harm the environment.

Requiring less cement for the same -
quantity of “"cementitious” end product
may reduce the amount of cement kiln
dust which requres disposal {currently
6-8 million tons per year). The disposal
of cement kiln dust can have the same
harmful effects as the dlsposal practices
of fly ash. In addition, using fly ash to
increase the capacity of a cement plant
would most likely reduce the need for

. air pollutwn coutrol since it would not
require the air pollution control
associated with new kiln construction.
This approach to expanding capacxty
may be especxally attractive in _

“nonattainment” areas, where new klln
construction is effectively precluded. -

{(b) Impact of RCRA, Subtitle C.In - "

» May 1880, EPA promulgated regulations
for the control of hazardous waste
pursuant to Subtitle C of RCRA. Little, if
any, fly ash exhibits characteristics =
defined as hazardous in these .
regulations, Therefore, Subtitle C - "«
regulations will have no significant
impact on the use of fly ash in cement
and concrete, At the same time as the
original proposal of the hazardous
wastes regillations {(December 18, 1978)
EPA issued an advance notice of
proposed rulemaking that.it was.
considering establishing 5 pCi/fg of
radium-226 as a criterion for listing

wastes as hazardous. The notice also - -

requested comment on other criteria
which might tend to affect the radiation
hazard. Among these is the emanation
rate of radon from the waste, The
Agency has at this date taken no further
action on this proposed rulemaking to
establish general criteria for hazardous
radicactivity levels in wastes.

Where resource recovery is pmcnced

" another important consideration in

assessing the hazard is the proposed use
of the waste material. While

significant proportion of fly dsh
generated in the U.S. has more than 5
pCi/g of radium-228, the physical
structure of fly ash is such that its
contribution to radiation exposure is
probably less than that of most normal

" constituents of concrete which generally

fall below this level. This is explamed in
subparagraph {c}. ‘
{c} Radioactivity Issues Several

- groups have expressed concern to EPA
that fly ash used in the construction of -

habitable structures could pose a threat

- to public health due to rddzoacnvuy The

source of the radiation threat is due to

-radium-226, a radioactive isotope which

occurs naturally in soil, sand,.and . |

. mineral deposits as well as in fly ash.
_The radium-226 content of soil generally

ranges from .2 to 3 picocuries per gram

. {pCi/g). Limited measurements of

radioactivity in cement show that the
radium-226 content of cement can be as
high as 5 pCi/g, but typically averages
close to 1 pCi/fg. Limited measurements
of fly ash presently generated in the U.S.
show a radium-226 content ranging from

- 1 to 8 pCi/g with an average of roughly 4

pCifg. .

There are two pathways of radiation
exposure from radium-226 in bmldmg
materials. The pathway of primary
concern is from inhalation of radon-222
and its short-lived decdy pmduc’ts

‘Radon-222, an inert gas with a- »
_:radioactive half-life of 3.8 days, is'the
. first generation decay product of
* . radium-226. Because it is an inert gds, it

can readily migrate from the building
material into the indoor air of a home.
Although the rate at which radon is

- screated within a building material is”

proportional to its radium content, the
intrinsic structure of the material may, -

--in some cases, prevent most of the radon
* - from escaping. When air containing
" ‘radon and its radioactive decay -

products is breathed for long penods of
time, a person’s risk of lung cancer is -

‘increased. Gamma radiation from-

radium-226 and its decay products is the

-uther exposure pathway. The amount of

gamma radiation emission from a

building material is proportional to its.
radium content, but the total exposure a

person receives wﬂl also depend on

~ replacement in habitable structures will,

~would be less gamma radiatmn

" materials tend to have an emanation

. reduce the radon gas contribution of the
F. mvestxgatmv this issue more thoroughly.

_ ‘the average, result in a small increase in
. gamma radxahcn'exposure, this small

: acceptance This can be atmbuted m e

other factors such as shielding, distance 7
from the material, and exposure time,
Exposure to garama radiation results in -
an increased risk of many types of )
cancer.

"‘Whten fly ash is used as a patial
cement replacement in concrets, the fly" :
ash content of the final concrete product ok
is between 2 and 3 percent {assuming a !
15 to 25 percent cement replacement.
rate and an 8 to 1 ratio of aggregate and
water to cementious material). Since the
average radium-226 content ol fly ash
exceeds that of cement by a few pCi/g,
the use of fly ash as a cement

on the average, result in a slight
increase in the gamma radiation
exposure to pecple {less than a -
milliroentgen per year). Howevér, in
some instances, where fly ash with a
lower than average radium content
replaces a cement with a higher than
average radium content, the result

exposure.
“The use of fly ash as a cement
replacement will also affect the guantity
of radon emitted by the building
material. Although the rate at which
radon is created is directly proportional
to the radium content, othér factors may
inhibit radon emanation from a material. -
Because fly ash is produced at high
temperatures, it has a glassy structure
which keeps most of the radon from
escaping. The fraction of radon which
escapes from fly ash {emanation
fraction) has been measured at no more
than a few percentage points. In
contrasl, typical soil and soil like

fraction in the neighborhood of 20%.
Thus, although fly ash, on the average,
has a greater radium content than the
cement it replaces, the use of ﬂy ash as
a partial cement replacement is likely to -

final concrete product. EPA s presently

While fly ash use in cement would, on .

‘increase in gamma hazard is likely to be

" offset by a decreased radon hazard. In -
light of this, EPA believes that the use of
_typically-occurring fly ashin concrete

. does not constitute a swmﬁcantly
_different radiation risk than the. risk
“from the cement it replaces, and neither

* of these'is significantly different from

‘the radxat:on risk posed by common sml

Insmunona] Issues

In spite of proven t\echmcal
performance and favorable economics,
the use of fly ash'in cement and ~ -
_concreteé has had only limited
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part to potential consumers’
unfamiliarity with fly ash, and their
resistance to the use of a new product
where an existing product—in this case
portland cement—has traditionally been
accepted. In some cases there may be
outright discrimination against this use
of fly ash, because of attitudes,
‘personalities, and political and
econemic pressure. . . . . :
It is difficult to obtain quick approval
for'a new product or material
specification in the construction field,
given the requirements for
experimentation, demonstration, field
evaluation and finally specification
changes. Howgver, it should be

recognized that fly ash has already gone )

through these steps. There are ]
established specifications and standards
for the testing and use of this material,
Sources of ash must be acceptable and
EPA emphasizes that only ash which
- meets established specifications should
be used. However, a procuring agency
need not “reinvent the wheel” by
- requiring extensive and expensive
reevaluation of the basic feasibility
“which has already been proven. This
applies to all government agencies, but
especially to state and local entities

which use such instruments as building

codes, to regulate construction
_activities. R . ;
Design engineers generally have the

“final say on the materials to be specified ’

for a particular construction job.
Typically, until a majority of peer
engineers accept a “new” material there
is reluctance to use it. However, an
engineer can meet his or her
responsibility for the performance of a
structure by conducting a thorough
review of the concrete mix design before
placing the concrete, and assuring that
the materials and mix design meet, as a
minimum, ASTM, Federal, andfor =~
American Concrete Institute s
* specifications. The intent of this
guideline is to help overcome certain of

have no adequate foundation, . _ *

these “institutional” barriers which may " this Preamble

e ‘Evaluation Plan

Resource Requirements * . " -

The cost to procuring agencies of
compliance with this guideline with be .
minimal. The price of cement and
concrete containing fly ash should be
less than or equal to the price of
portland cement and concrete, The start-
up costs of revising specifications and
assimilating fly ash into the procurement
system should be relatively minor but
are not readily measurable. :

The Office of Federal Procurement
Policy (OFPP) is responsible for
submitting an annual report to Congress
on actions taken by Federal agencies -
and the progress made in

implementation of the resonrce recovery
policy of Section 6002, Ay 4 regult, OFPP
already requires an annnal report from
each Federal agency on actions taken in
the implementation of Section 6002, By
working closely with OFPP, information
relevant to the implementation of this
guideline can be obtained. Although
EPA and OFPP are responsible for
implementing and menitoring
compliance with this guideline, the
Agency believes an extensive-
enforcement system is unwarranted,
since the responsibility for compliance
lies with Federal agencies subject to
_ RCRA requirements. Therefore, the
costs to OFPP and EPA of implementing
this guideline are expected to be - .
relatively minor;™ it e s
A total of .3 man-years of effort per

. year will be required of EPA during the

five years following promulgation of the

* final guideline (1.5 mar-years total}.

- This effort will focus on implementation
. of guideline recommendations at the

. Federal, State, and local level,

monitoring the impact of the guideline,
and making any necessary formal
revisions to the guideline language.

Public Partimpatjic}fz:_i »

“An interagéhc{v;vbik gfoup,}irricluding

E representatives from most of the Federal

agencies which will be directly impacted
by this guideline, assisted in its
development. In addition, a draft of the
guideline package, including a summary
development plan, preamble, rule, and
background documents was circulated

. to well over 200 interested persons for

comment. L ;

The major issues of concern of the
work group and commenters were: (a)
Requiring vs. allowing for the use of 7y
ash, (b) responsibility for quality control
and performance of fly ash, (¢} the

. potential health effects of the use of fly
“ash as & building material, These issues,
among others, are discussed in detail in -

- Executive Order 12044 requires that
~each new significant regulation have a
“planfor evaluating its effectiveness with

five years of implementation. Such -
evaluation could, for example, lead to
modification and improvement of the
regulation. An evaluation plan will be -
prepared for this gnideline prior t its
- final promulgation, .5 . . 0 5
Dated: November 13, 1980
Douglas M. Costle, /l'; o
Administrator, T I
Title 40 CFR is amended by-adding a
new Part 249 to read as follows: . .

ey

Subpart D—Certification

PART 249—GUIDELINE FOR FEDERAL
PROCUREMENT GF CEMENT AND
CONCRETE CONTAINING FLY ASH

Subpart A—Purpose, Applicability, and

Definitions

Sec. :

249.01 Purpose.

249.02 Designation.

249.03 RCRA Requiremenis pertaining to fly
ash. o

240.04 Applicability.

249.05 Definitions.

Subpart B—Specifications

249.10 Recommendations for material -
specifications. . i

249.11 Recommendastions for guide
specifications. : .

249.12 Recommendations for confract
specifications. . :

249.13 Recommendaticns for fly ash content
and mix design, : o

249.14 Recommendations for performance -
standards. . )

“Subpart C—Purchasing

249.20 Recommendations for bidding
approach. . . :
249.21 Recommendations for reasonable. .
price. ‘ . R
249.22 Recommendations for reasonable .
compelition. =~ . o
249.23 Reasonable availability. .
249.24 Recommendations for time-phasing, -

248.30 Recommendations for measurement.

248.31 Recommendations for C
documentation. :

249.32  Quality control.

249.33 Enforcement. )

249.34 Date recommendations.

Authority: 42 US.C, 6962, --

Subpart A—Purpose, Appiicability,'andq
Definitions L L

§243.01 Purpose. S

* {a) The purpose of the guideline is to
assist procuring agencies in the :
procurement of cement and concrete

which contain fly ash, in accordance * o
with Section 6002(e] f the Solid Waste .~

*'Disposal Act, as amended by the )
. 'Resource Conservation and Recovery ™
.- Act of 1876, as amended

, RCRA or
“"Act”) {42U8.C.8962). -
{b} This guideline contains o
recommendations for use in ‘

" implementing Section 6002 requirements,
" including revision of specifications,
. purchasing, phasing-in of requirements,
" and certification procedures, - '

" §249.02 Designation. - . .

Fly ash used in cement and concrete it

- hereby designated by EPA as a product

area for which affirmative procurement

" actions are required on the part of
- procuring agencies, under the - )
; requirements of Section 6002 of RCRA. -
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§249.03 ACHA requirements pertaining to
fiy ash. ) - .

RCRA requires action on the part of
procuring agencies with regard to '
revising specifications and initiating an

- affirmative purchasing program for
recovered materials,

{2} In accordance with the
requirements Section 6002{d}(1} and
{d}{2) of RCRA, all federal agencies
which have responsibility for drafting or
reviewing specifications for cement ar
concrete, or construction actvities
involving the use of cement or concrete,
must: ’

{1} Eliminate from these
specifications: . e

{i} Any exclusion of fly ash as a
component in cement or concrete, and

{ii} Any requirements, either direct or
indirect, that the items be manufactured
from virgin materials. - :

(2] Assure that thése specifications
require the use of fly ashtothe ~~
maximum extent practical, without
jeopardizing the final cement or - -

\

eoncrete product. . SR
The requirements of paragraph {a){1) of
this section apply in all cases except -
those in which it can be demonstrated
that performance standards would not

be satisfied. However, if performance

standards are 50 stringent that they

effectively and arbitrarily exclude fiy -
ash, the performance standards must be -

revised. - . - ;

{b] In accordance with the - -
requirements of Section 6002{c){1) of -
RCRA, procuring agencies must -
purchase cement and concrete which -
contain fly ash unless a determination
has been made that (1) cement or
concrete containing fly ash will not be
available within a reasonable period of
time, or (2] this cement or concrete is
only available at an unreasonable cost,
or {3) the purchase will result in a level -
of competition which is less than
satisfactory, or [4) the céméent or
concrete will not meet reasonable . -

erformance standards. - o - . : o
P ‘ - Government including any Government

.- corporation, and the Government

{c} In accordance with the

requirements of Section 6002{c)(3) ‘c')f - o

RCRA, contracting officers must require

that vendors certify the percentage of fly -

ash which is being incorporated in the -
cement or concrete which they supply. -
This requirement takes effect after th

date specifiedin §249.34. .-~ ..

§249.04 Appiicability.

{a) This guideline applies wall

procuring agencies and o all -

procurement actions involving cement or -

concrete where the procuring agency
purchases in total $16,000 or more worth
of cement or concrete {including related
services such as placing and finishing)

. during the course of a fiscal year, or

- section 6501 et seq.

where the quantity of such items
purchased during the preceding fiscal
year was $10,000 or more. .

{b} Procurement actions inelude all
purchases for cement or concrete made
directly by a procuring agency or by any
person dirgctly in support of work being
performed for a procuring agnecy, as in
the case of general construction
contractors and/or subcontractors.

- {c} This gunideline also applies to any
purchases of cement or concrete made
“indirectly” by a procuring agency, as in
the case of purchases resulting from
grants, loans, funds, and similar forms of

- disbursements of monies which the

procuring agency intended to be used

_for construction.

{d) The guideline does not apply ftp
purchases of cement and concrete which
are not the direct result of a contract,

: grant, loan, funds disbursement, or

agreement with a procuring agency.

" §249.05 Definitions.

As used in this guideline: ™~ °

© - (&) “Act” or “RCRA” means the Solid

Waste Disposal Act, as amended by the
Resource Conservation and Recovery
Act of 1975, as amended, 42 U.8.C.

" {b) "Construction” means the erection

*or building of new structures, or the

replacement, expansion, remodeling,

_ alteration, modernization, or extension

of existing structures. It includes the
engineering and architectural surveys,

. designs, plans, working drawings,

specifications, and other actions -
necessary to complete the project.

(¢} “Contract specifications” means
the set of specifications prepared for an
individual construction project, which
contains design, performance, and:
material requirements for that project.

{d} “Federal agency” means any

. department, agency, or other

instrumentality of the Federal

- Government, gny independent agency or

establishment of the Federal

Printing Office {Pub. L. 94-580, 90 Stat.
2799, 42 U.S.C. 6603). = . i . -

{e} "Fly ash” means the component of

coal which results from the combustion
- of coal, and is the finely divided -

incombustible mineral residue which is -
typically collected from boiler stack

E gases by electrostatic precipitator or

mechnical collection devices.

{(f) “Guide specification” meansa. + - -

general specification—often referred to
as a design standard or design -
guideline—which is a model standar
and is suggested or required for use in -
the design of all of the construction
projects of an agency..: - S

" under such contract {Pub. L. 94-580, 80

- chemically or biologically treated prior

- reclaimed or recycled) by being:

- {g) "Implementation” means putting a
plan into practice by carrying out

" planned activities, or ensuring that these

activities are carried out.

-{h} "Material specification” means a
specification that stipulates the use of
certain materials to meet the necessary
performance requirements; .-

{i} "Person” means an individual,
trust, firm, joint stock company, Federal
agency, corperation (including a
government corporation), partnership,
associatiort; State, municipality,
commission, political subdivision of a
State, or any interstate body =~
- {j] “Procurement item” means any —
device, good, substance, material,
product, or other item whether real or ‘
personal property which is the subject of -
any purchase, barter, or other exchange

made to procuré such item (Pub, L. 94

580, 60 Stat. 2800, 42 U,S.C. 6303}

. {K) "Procuring agency” means any =~ .
Federal agency, or any Btate agency or -

agency of a political subdivision of a’ *

- State which is using appropriated

Federal funds forsuch procurement, or
any.person contracting with any such
agency with respect to work performed
Stat. 2800, 42 U.8.C. 6303). :

{l} “Recovered material” means .
material which has been collected or . -
recovered from solid waste,

.. (m} “Sludge” means any solid,

semisolid or liquid waste generated from -
municipal, commercial, or industrial .
wastewaler treatment plant, water
supply treatment plant, or air pollution

control facility, exclusive of the treated . -
- effluent from a wastewater treatment .

plant. - :
{n){(1) "Solid waste” means any
garbage, refuse, sludge or any other

waste material which is not excluded

under paragraph (n){6) of this section, -

{2) An “other waste material” is any
solid, liguid, semisolid or contained

- gaseous material, resulting from,

industrial, commercial, mining or - - -

7 agricultural operations, or from - ... . F0
. community activities which:

(i} Is discarded or is being ~
accumulated, stored or physically,
to being discarded; or S
{i1) Has served ity original intended -

* use and sometimes is discarded; or ~
{iii} Is a manufacturing or mining by< -/
" ‘product and sometimes is discarded,

{3) A material is “discarded” if it is
abandoned [and not used, reused,

“{i) Disposed of; or- . T
(ii) Burned or incinerated, except

where the material is being burned as a

fuel for the purpose of recovering usable
I energy; or. | S e
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{ili} Physically, chemically, or
biolagically treated (other than burned
or incinerated) in lieu of or prior to being
disposed of. . . S

(4] A material is “disposed of" il it is
discharged, deposited, injected, dumped,
spilled, leaked or placed into or on any
land or water so that such material or
ary constituent thereof may enter the
environment or be emitted into the air or
discharged into ground or surface
waters, i

{5) A “manufacturing or mining by-
product” is a material that is not one of
the primary products of a particular
manufacturing or mining operation, is a
secondary and jncidental product of the
particular operation and would not be

. solely and separately manufactured or -
mined by the particular manufacturing
or mining operation, The term does not -

" include an intermediate manufacturing - -

or mining product which results from -

" ane of the steps in a manufacturing or
mining process and is typically

processed through the next step of the .

process within a short time. . 7
- {8) The following materials are not -

solid wastes for the purpose of this part: -

{i) (A} Domestic sewage; and

{BY Any mixture of domestic sewage

. and other wastes that passes through a

. sewer system to a publicly-owned . - -

- treatment works for treatment.
“Domestic sewage” means untreated-
sanitary wastes that pass througha - -
sewer system Sl

(ii) Industrial wastewater discharges

that are point source discharges subject
to regulation under Section 402 of the
Clean Water Act, as amended,

- {Comment: This exclusion applies only to the -

actual point source discharge. It does not

- exclude industrial wastewaters while they
are being collected, stored or treated before
discharge, nor does it exclude sludges that

 are generated by industrial wastewater | .

treatment}] - et
(iii} Irrigation return flows. . - .

* (iv) Source, special nuclear or by- ... _
-, ash} in cement and concrete to eliminate

- product material as defined by the

Atomic Energy Act of 1954, as a@e,“dédi _

42U8.LC. 2011 et seq. 7 ¥ e e
- {v)} Materials subjected to in-situ " "

- mining techniques which are not - .y -4
removed from the ground as part of the

extraclion process. -7..o.o vy
{0} "Specification” means a clear and
accurate description of the technical
requirement for materials, products, or
services, which specifies the minimum

requirement for quality and construction .

of materials and equipment necessary
for an acceptable product. In general,
specifications are in the form of written
descriptions, drawings, prints,
commercial designations, industry - -

~

standards, and other descriptive -

references.

Sy

Mineral Admixture in Port!
“Concrete.” Z 7'

“--goncrete mixture,

- specifications. - L. .

‘this restriction, R SR R
-~ {b} Guide specifications should ~

Subpart B-—-E?peciiicaticns»

§249.10 Recommendations for material
specifications. e

{a) In material specifications,
maximum use should be made of
existing Federal specifications and
voluntary consensus standards for
cement and concrete which contain fly
ash. These are:

(1) Cement. (i} ANSI/ASTM C595—
“Standard Specification for Blended

" Hydraulic Cements.” - - -,

(ii} Fed. Spec. $5-C-1860/ 43~
“Cement, Hydraulic, Blended.”

{2} Concrete, (i) ANSI/ASTM C618—
“Standard Specification for Fly Ash and

" - Raw or Caleined Natural Pozzolan for

Use as a Mineral Admixture in Portland
Cement Concrete.” .00 '
(i) Fed. Spec.58-C-1966/5A—

*“Pozzolan, For Use in Portland Cement '

Concrete.” e
{iii} ANSI/ASTM C311-"Standard

Methods of Sampling and Testing Fly

Ash and Natural Pozzolans for Use as a

and Cement

- (b) Concrete specifications which -
specify minimum cement content could ,

“potentially discriminate against the use
... of fly ash. Such specifications should be -
. changed in orderto allow the - '~
- substitution of fly ash for’cement in the

§249.11 -Recommendations for guide

{a) Each procuring agency should
assure that its guide specifications do
not discriminate againt the use of fly ash
in cement and concrete, Each procuring
agency should: o et '
- {1) Revise specifications, standards, or

-procedures which currently require that

cement and concrete contain virgin |~

_ materials to eliminate this restriction.
i+ {2) Revise specifications, standards, o

procedures which prohibit using. -
recovered materials {particularly fly

require that contract specifications for
individual construction projects allow

for the use of fly ash, unless fly ash use

is technically inappropriate fora -
particular construction application.
{c) Referenced specifications which

* are maintained by national. ..

organizations, such as the American
Association of State Highway and .
Transportation Officials (AASHTO) and
the American Concrete Institute {ACI)
should be modified, if necessary, to
remove any discrimination against the
use of fly ash in cement and concrete.
(d) Guide specifications should be

_revised, if necessary, within six months

after the date of publication of this
guideline, to incorporate the
recommendations of paragraph (&)
through {c} of this section.

§243.12 Recommendations for contract
specifications. ) )
{a} “Contract” specifications, which
are prepared either by or for a procuring
agency for each individual construction
project, should allow the use of cement
and concrete which containg fly ash ag”
an alternate material for the project in |
accordance with § 248.10, except as
noted in paragraph (b} of this section.

{b) Contract specifications should not

allow the use of fly ash if it can be
demonstrated that, for a particular

" project or application, reasonable

performance requirements for the
cement or concrete will not be met, or
that the use of fly ash would be :
inappropriate for technical reasons. The
demonstration under this paragraph -
should be documented by the procuring -
agency, design engineer/architect, or
other responsible person, based on
specific technical performance .
information. S ;

{c) The procuring agency should
assure that contract specifications ~ .-
reflect the provisions of paragraphs {a)
and (b} of this section by reviewing the -

- contract specification for any individual -
construction project before awarding the

coniract. These requirements apply fo
projects which are contracted for
directly, as well as those projects
directly performed under the provisions
of grants, loans, funds, or similar forms
of disbursement.

{d) All contract specifications issued
after one year from the date of

the provigions of this section.

publication of this guideline should meet |

§249.13 Recommendations for tiy ash _A :
content and mix design, - ’

{a) No minimum or maximum level of

fly ash content is specified for all uses, . -

due to variations in fly ash, cement,
strength requirements, costs, etc, - N
However, replacement rates of fly ash

* for cement in the production of blended - .

cement generally do not exceed 20% to

» 30%, with 15% being a more accepted

rate when fly ash is used as an . .
admixture in concrete. Fly ash blended
cements may range from 0%-40%. fly ash
by weight, according to ASTM C595, for
Types IP and I{PM)., - e et
(b} Information on fly ash and

concrete mix design are contained in the
“References” section of this guideline.

" These sources should be consulted in

the design and evaluation of the proper
mix ratio for a specific project. In
general, the concrete mix is adjusted by

.., adding fly ash, while decreasing cement, -.

K
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water, and fine aggregate. The fly ash
should be checked for compliance with
applicable ASTM standards/Federal
specifications, and trial mixes should be
made to verify compliance of such mixes
with specified uuahty parameters. Only
fly ash which, as a minimum, meets
ASTM standards should be used.

§ 249.14 PRecommendations for
performance standards.

(&) Performance standards relatmg to
cement or concrete consiruction projects
should not restrict the use of fly ash,
either directly or indirectly, unless this
restriction is justified on a case-by»caqe
basis.

{b) A pprformance standard whzch
would restrict the use of fly ash is one:
which requires higher strengths in

shorter periods of time than are actually

necessary to comply with design
criteria. Some alternatives which should
be considered, on a pro;ect~by~pro;ect
basis, include:

(1} Bvaluating pavement strengths for:
roads on the basis of 28 day strengths
instead of 14 days strengths, '

{2) Evaluating airfield pavement -
strengths on the basis of 90 day.

trengths instead of 28 day strengths. . =
P y 8 o and contract prices with current’

. quotations for the same or similar end

{3} Evaluating building structure
strengths on the basis of the number of

ds tlflil d typicall 90~120-‘
ays untit full-foa mg ( )pxca y .. for any differences in guantities,

“delivery time, inflation, etc.

days). .

Extension of strength evaluahorx penods"

can only be made where curing

conditions are such that sirength gaining

reactions avce still able to take place in

the concrete over an extended pem)d Df

time.

Subpart C--Purchésing :

§ 249.20 Recommendaﬂons on bidding -
approach.

{a)(1) EPA recommends that a
procuring agency solicit bids both for
cement or concrete which contain fly

ash and for portland cement or concrete,

except as provided for in § 248.12(b}.:
{2) With this approach, award should

be made to the lowest priced

responsible bidder, regardless of

whether fly ash is used. In the event that’

two or more low bids are received
which offer different levels of fly ash -
content, award should be made to the
lowest priced responsible offeror. In the

case of identical low bids, award should -

be made to the offeror with the hlgher
level of fly ash content.

{(b){1) Alternatively, when in the
judgement of the procuring agency -
tement or concrete containing fly ash is
reasonably available and its bid price
will be competitive with that of portland
cement or concrete, only bids for cement
or concrete containing fly ash should be

sohmted except as provided for in

§ 249.12(b).

(2) With this appmach eward should
be made to the Jowest priced
responsible offeror, provided that fly
ash is used. In the case of identical low
bids award should be made to the
responsible offeror with the higher level
of ily ash content,’

§249.21 Recommendations for
reasonable price.

{2) General procedures, such as those
contained in the Federal Procurement
Regulations, should be used in
determining whether the prices offered

. are reasonable. This determination
- should consider the ob;ectwes of
- Section 6002 of RCRA. :

{b} Technigues of price ahalysw {not
cost analysis} should be used, as

- appropriate. {Price analysis is the -
- process of examining and evaluating a

prospective price without evaluating the

" separate cost elements and proposed
“profit of the individual prospective
.. supplier.) Price analysis may be done in
. various ways, including:

(1) Comparison of the price quotatxons
submitted.
{2} Compamson of prior quoiat:ons

items, making appropriate allowances

{3) Comparison of prices set forth in
published price lists or catalogs.

§249.22 Recommandations for
reasonable competition,

- should be made in accordance with
- standard industry practice, nermnily on -

' cement.

~

" the cement or concrete supplier should
- not réquire separate repomng\farms, but

(a) There is reasonable ﬂbmpetxhon it

there is adequate price campetxtlon.
{b} Adequate price competition is

 usually presumed to exist if:

- {1} At least two responsible offerors,
{2} Who can satisfy the purchaser’s

.. {e.g, the Government’s) requirements,
{3} Independently compete for a .

contract to be awarded,
{4) By submitting priced offers’

' responsive to the expressed - o
. requirements of a solicitation. """
" In addition, the reasonableness of | prices

should be evaluated in accordance with
§ 249.12. > o
§245.23 ' Reasonable avazxammy AN

Cement or concrete which contain- ﬂy
ash should be considered reasonably |

. available if there are no unusual or

unnecessary delays expected in its =
delivery compared to that for portland
cement or concrete )

§ 249. 24
phasing. .
In order to minimize any adverse

effects on the marketplace or on the
procuring agency in implementing this

Recommenﬂat:oﬂs fm txme-

- than the procuring agency, the fly ash o

" construed to relieve the contractor of .

- contact the U.S. Army Engineer

Ccntract

- purchased and quantity of fly ash used
" should be made available t to the S
" procuring agency. - S R

' §249.32 Quahty cor-tm!

guideline, the Agency recommends the
following timetable for implementation:

{a) The first year after publication of
the guideline should be used for review/
revision of all applicable specifications
and standards.

{b} Not later than the beginning of the
second year, all contracts should allow
for or require the use of ﬂy ash, in
accordance with the provisions of
§8§ 249.12 and 249.20.

Subpart D—Certitication

§ 245.30 Fa’ecommem"aitons jor

measurement. -
{2) Measurement of ﬂy ash mment

do
ag
far
rel

1.4

a weight basis, and stated as a
percentage of the weight of total - :
cementitious material: {fly ash wexoht* ;
{fly ash welght 4+ cement weight]] =
This will often be a reflection of e;ther a
typical cubic yard of concrﬂte orton of

(b} The suppher shmﬂd be reqmred to -
certify: -

{1) The percentaoe Wthh will be used
in a particular mix design, or -

{2} The use of any minimum .
percentage requirement which may have
been established for a partacu!ar

2R

3. A

§ 249, 31 Reccmmendatmns tor
documentiation,

) 4.B
{a) Certification of fly ash content by ; !

should use existing mechanisms, such as
a statement contained in a signed bid
document or a mix design proposal. -
{b} In cases where the purchase of
cement or concrete is made by a
contractor or by any authority other

@
o
&

content of the cement or concrate

N

2RI R s 0t T e S s vee

" {a} Nothing in this ﬁude!me should be

responsibility for providinga - . 5o
satisfactory product. Suppliers of .
blended cement, fly ash, and concrete
should be expected to demonstrate :
{through reasonable testing programs or
previous experience) the performance-
and reliability of their product. Cement
and concrete containing fly ash should
not be subjected to any unreasonable
testing requirements. i

- {b) Agencies desiring a testing or
quality assurance program for cements,
blended cements, or fly ash should

®
0

9. Ger

<
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Waterways Experiment Station, P.O. pozzolans. ACI Committee 211,
Box 631, Vicksburg, Mississippi 38180. “Proportioning Concrete Mixes,” SP-46-
: ~ 8: pp. 109-140 {with 8 references).
§245.33 Enforcement. 12. Tennessee Vailey Authority; Singleton . i
Procuring agencies should consider Materials Engineering Laboratory. 1979, -

Properties and use of fly ash in portland
cement concrete. Technical report CR-
78-2 (with 11 references). -
{FR Doc. 80-36048 Filed;l»lSMO: 8:45 amj .
BILLING CODE §550-30-M ) s

and investigate inquiries received from a
supplier's competitors which raise
reasonable doubt about the legitimacy
of fly ash certification. '

§249.34 Date recommendations.
Certification of fly ash content should
occur at the time of purchase of cement
and concrete in accordance with the
phasing in-recommendations in § 249.24,
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methed of proportioning structural
_ concrete mixtures with fly ash and other

-
MSD 000607



January 5, 1Ys81

ASEE pulletn Page 3

—

MORRIS BAN LEADS TO SUIT, COUNTERSUIT A

The owner of the spent nuclear fuel site at Morris, Il11., and one of its major
customers, have filed suit against the state of Illinois for banning out-of-state
shipments of waste to the facility. That action, taken in U.S. District Court, comes
shortly after the Illinois legislature approved the ban by overriding a veto by Gov.
James Thompson. :

General Electric Co., which owns the facility, and Southern California Edison
Co., a customer, are charging that they have already agreed to allow the utility to
ship waste from its San Onofre nuclear plant in 1981, but now will be unable to.

The parties are charging the ban is unconstitutional because it unfairly interferes
with the flow of interstate commerce.

Shortly after that suit was filed, the state of Illinois filed a suit alleging
that Southern California Edison Co. plans to ship 32 tons of nuclear waste to the
Morris, I11., site and saying such shipments must be stopped. Southern California
Edison denies the charge, and says in its suit the new Illinois suit is unconstitu-
tional.

% % &

TONS OF NUCLEAR WASTE NOW RESTING OFF ATLANTIC COAST, PILOT REVEALS

Tons of nuclear waste are now resting about 100 miles off the coast of Atlantic
City, N.J., a retired Navy pilot has told United Press International. On three oc-
casions -- Oct. 16, 20 and 22, 1947 -~ Lt. Commander George Earle and his crew dumped
canisters that Farle believes contained nuclear wastes produced from the fledgling
nuclear test program. :

Earle broke a 33-year silence to tell the story because he was disturbed by re-
ports in the media earlier this year concerning nuclear waste in the waters off the
coast of California. Earle said each of the three missions was top secret, and he
found that none had been officially logged.

While Earle characterized himself in the UPT story as a major nuclear proponent,
he said he went public with the information because of the government's lack of con-
cern for the safety of its citizens. The Pentagon had no immediate comment on Earle's

revelations. '
s % % *

WITH .LITTLE FANFARE, CARTER SIGNS WASTE BILL

President Carter Dec. 22 signed the "Nuclear Waste Poliey Act" into law. There
was no Presidential statement accompanying the signing. The bill -~ which was a
vastly reduced version of originally proposed nuclear waste legislation -~ allows
the states to have responsibility for disposing of low level waste cenerated within
their borders, and encourages them to form regional compacts for that purpose. The
legislation included various recommendations made by the State Planning Council.

* % %

SEA MAY BE BURIAL GROUND FOR NAVY'S NUCLEAR SUBS

The Navy is considering a plan where it would sink old nuclear submarines to the
bottom of the ocean as a way of disposing of them, according to a recent study. The
Navy would take its five decommissioned nuclear-powered submarines, remove the fuel
for reprocessing, then tow the vessels to deep areas, flood, and sink them. The
other alternative to the plan, according to the report, would be to remove reactors
from the submarines and bury them on land. ‘ ~

% ok %

A BELGIAN AND AN AMERICAN COMPANY HAVE ANNOUNCED THEY will jointly market an in-
tegrated system for reducing and embedding nuclear waste. . Liquid radioactive waste
is first dehydrated and resulting powder embedded in a solidifying substance, ac~
cording to the technique. The resulting product is then placed in storage barrels
which can be immersed, buried or stored at ground level. The companies, Belgo-
Nucleaire and American Chem-Nuclear Systems, hope to market the product in the U.S.,

Taiwan, South Korea and Phillipines. .

J
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3333 Kishwaukee Street

P.0O.Box 918 - Rockford, IL 61105 . 397.9700

November 12, 1980

Bernard Rains, P.E.

Manager Industrial Pollution Control
Metropolitan St. Louis Sewer District
10 E. Grand Avenue

St. Louis, Missouri 63147

Dear Bernard:

Please find enclosed the test results of radium - 226 analysis of the
District's incinerated ash and also of the vacuum filter sludge cake.
If you should have any questions regarding this matter, please do not

hesitate to call.

Sincerely,

ARY DISTRI OF ROCKFORD
/oa/%agfl -

Richard W. Eikk
Plant Operations Manager

RWE/ra

cc: J. Olson
File

Enclosure

TRUSTEES

Robert B. Stringer, President
William C. Geissman, Vice President
Clifford A. Nelson, Clerk/Treasurer

Arthur W. Anderson, Trustee

George Jackson, Trustee

jon L. Glson, District Director

H. Emmett Folgate, Attorney
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THAZLETON

ENVIRONMENTAL SCIENCES CORPORATION

1500 FRONTAGE ROAD NORTHBROOK ILLINDIS 60062, LS A

November 4, 1980

Ms. Violet Chen

Chief Chemist

Sanitary District of Rockford
3333 Kishwaukee Street

P. 0. Box 918

Rockford, I11incis 61105

Dear Ms. Chen:

The following are the results of radium-226 analysis in incinerated ash and
vacuum sludge cake samples received September 24, 1980.

Sample Date Lab
Description Receijved Code Ra-226 (pCi/g dry)
Vacuum sludge cake  9-24-80 SPS-420 9.240.1
Incinerated ash 9-24-80 SPS-421 7.2+0.2

The error given is the probable counting error at the 95% confidence level.

The purchase order was not enclosed with the cover letter. Please send us
a P.0. for $148.00 for our billing.

If you have any questions concerning the results, please do not hesitate to
call.

Sincerely yours,

C-H- Mam eand,
C. R. MARUCUT

Group Leader
Nuclear Sciences

CRM:als ‘47&411*4¥b”Lt"“%dkfdALj
1)2/5%0 ama o ot

A d o dapy af U4

Po. G d.€ /Mt

PHONE (312)584-0700 o TELEXZ28-9483 [HAZES NBRK) &O(x ;£ -
2 7Qéu4111
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UNITED STATES NUCLEAR REGULATORY COMMISSION
RULES and REGULATIONS

TITLE 18, CHAPTER 1, CODE OF FEDERAL REGULATIONS —ENERGY

STANDARDS FOR PROTECTICN AGAINST RADIATION

PART
20

EXCEPTIONS AND ADDITIONAL REQUIRE-

. MENTS
GENERAL PRUVISIONS o501 Applications £ i ments set forth in this part, make every
- . pplications for exemptions. reasonable effort to maintain radiation
;;)(l Purpuse. 20.502  Additional requirements. exposures, and releases of radioactive
20.2 Scope. ENFORCEMENT materials in efluents to unresiricted
205 Definitions. T areas, as low &3 is reasonably achievable.
ERSPI S i Bt 20.601  Violations ©The term “as low &s s reasonably
2.5 s ¢ : y. e . 51
20.6 Interpretations. Appendix A—{Reserved] nggﬁe‘v&ﬁie g’}eartl:k?s IG:V as Is reason-
20.7 Communications. Appendix B—Concentrations in air and water 1 © ¥ atnlevabie ing into account the
- . . B above natural background. o State of technology, and the economics of
PERMISSIBLE DOSES, LEVELS, AND Appendix C. ¢ improvements in relation to hensfits to
COMUENTRATIONS Appendix D-—United Stlates Nuciear Regula- the public health and safety, and cther
. R tory Commission Inspection and En- « : )
20.101 Exposure of individuals to radia- forcement Regional Offices. socletal and sociceconomic considera«
tion in restricted areas. UTHORITY : o ¢ this Part 20 tions, and in relation to the utilization
20.102 l}et)crminuti(m of accumulated ﬁluﬁ undlg St;cs’lhszpté%w?gn%io153h!02n|621 of atomic energy in the public Interest,
dose, g 223, 63, 03, &1, s 2 161,
20.103  Exposure of md:jvtduals to concen. friesrfgf:dgigz’3333’(29350’79333’099%7’2%?;85’ s l-g 20.2  Scope.
{r:ittl:)iztsegtu?:m‘s\“uwe material in 2133, 2134, 2201, For the purposes of sec. Th culati in thi & 1
20404 Exposure of minors 223, 68 Stat. 958, as amended; 42 U.S.C. < e regulations in this part apply to
30005 bermissibte levels of radiation in 12273, § §20.401-20.409, issued under sec. = ?ll persons who receive, possess, use, or
; Sihie levels o 6l 0., 68 Stat. 950, as amended; 42 U.S.C. ransfer material licensed pursuani to
unrestricred areas, : N o € > A
20406 Radicactivity in effluents to unre- étzdoti fg‘),"é"siezcz‘ﬁ%%% Sosﬁcp‘;%dg gé‘fgf' 88  Fthe reguiatmn;: in Parts 3_0 thrgugh 35,
' stricted areas. g ’ o 40, or 70 of this chapter, including per-
20.107  Medical diagnosis and therapy. § 20.1 Purpose. q sons licensed to operate a production or

20.108 Orders requiring furnishing of bio-

ety services. (a) The regulations in this part estab- | utilization facility pursuant to Part §0

¥ lish standards for protection against ra- | Of this chapter.
PRECAUTIONARY PROCEDURES 5 diation hazards arising out of activities. — .
020 Supeys « under licenses issued by the Nuclear Reg- | § 20.3 Definitions.
20,202 Personnel monitoring. & ulatory Commission and are issued pur- (a) As used in this part:
20.203  Caution signs, labels, signals, and ¥ gpant to the Atomic Energy Act of 1954, (1)’ Act” means the Atomilc Energy
contrals. nded. and the Energy Reorganiza- Act of 1854 (88 Stat. 819) including any
BT M T e [ ton Actorioms, | e s et ‘
3.2 FoCes . - c . M ~ . »
: ing, und opening puckages. L v (2) “Alrborne radloactive malerial

means any redicactive material dispersed
in the air in the form of dusts, fumes,
mists, vapors, or gases;

(3} “Byrproduct materlal” means any
radicactive material (except special nu-
clear material) yielded in or made ra-
dicactive by exposure to the radiation
incident to the process of producing or

utilizinz special nuclear materisl;

20.206 fnstruction of personnel. oo 5
20,207  Storage and control of licensed (b) The use of radioactive material or

materizals in unrestricted areas. other sources of radiation not licensed
WASTE DISPOSAL by the Commission is not subject to the
regulations in this part. However, it is
the purpose of the regulations in this
part to control the possession, use, and
transfer of licensed material by any li-
censee in such & manner that exposure
to such material and to radiation from
such material, when added o exposures [ (&) *“Calendar quarier” means uob less
] to unilcensed radicactive material and | than 17 consecutive waeks nor more than
RECORDS, REPORTS, AND NOTIFICATION { {0 other unlicensed sources of radistion 14 conseculive weeka, The Srst calandar
in the possession of the licensee, and o . guarier of each year shall begin in Janu-

1 General requirement.

a2 Method for obtuining approval of
proposed disposal procedures.

L0.303 Disposal by release into sanitary

sewerage systems,

20.304 Disposal by burial in soH.

20.305 Treatment or disposal by incinera-

ot

25 FR 10914

- « o Perine . o , wetiati - I~
2050t “}:’J quf f.:;i“gg;,;‘;‘f_"‘“”“ mon radiation therefrom, does not exceed the {f} ary and subsequent calendar gquariers
20,407 teports 0f theft or loss of licensed standords of radiation protection pre-  snall be suchk thel no day i3 included in
muterial. . scribed In the regulations in this part. z more than one calendar quarier or
22,403 Notifications of incidents. . B o ibtad from inclusion within a cslendar
Zu.a0s 1}5’“’“”‘“,5 verexnosures snd ex- (c) In accordance with recommenda- @ gquerter. No Hcensee shall change the
2008 L?SS{ZQ ic(\}/et;‘ _m;zl CONCentrations. ~ tions of the Federal Radiation Councll, i method observed by him of determining
[ Roserved ) ¢ approved by the Presldent, persons en- | galsndar quarters except at the beglnning
per-onnel exposure snd monitoring & gaged in activisies under lcenses lssued L}fagalendar FERT.
mpmts; e} exposure on Ee: by the Muclesr Regulatory Commission
20 A04 Reports of persenng expos o : . N o Y
R Fermination of employment or ; ?é‘fgdan?‘ agegaeedAi)géa“gsgizrgaﬁzi (3) “Commission” means the Muclear feyu-
work., S gisos, as ey < latory Commission or its duly suthorized
20.409  Notifications and reports o indi- i organization Act of 1§ iﬂé'shoi\zld, in ad-~ représentatives;
viduals. { ditlon to complying with the require- |

20 ) December 28, 1575
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PART 20 » STANDARDS FOR PROTECTION AGAINST RADIATION

4§} “(overnment agency” means anyh . X
1 executive depariment, commission, mde-gwel;&ht one-twentieth 0? one percent
| pendent establishment, corporation, (0927 ©F T D&i;g};i‘g?;?’tieiﬁé’{
! g&%ijg (;); ﬁ;?gé;ﬁghbi “8}}; gﬁéﬁz‘ig Source material does not include special
Ty g -~ nucleor material.
meniality of the United States, or any ¥’ '
board, bureau, division, service, office, =
officer, authorily, administration, or (18) “Special nuclear maferial” means
other establishment in the sxecutive] (I} plutonium, uranium 253, uranium
branch of the Government; !, emricnad in the isotope 233 or in the iso~
(1) “Individual” means any humang tope 235, and any other material which
being; S+he Commission, pursuant to the, provi-
(8 “Licensed material” means source T 5ions of section 51 of the act, delermines
material, special nuclear material, or by-in 10 P8 special nuclear material, but does
product material received, possessed, ¢ Bob include source material; or () any
used, or transferred under a general or material artificially enriched by any of
specific license issued by the Commission the foregolng but does not include source

pursuant to the regulations in this material;

chapter;
(3) “license” means a license issuedy (17) “Unrestricted area” means any

under the resulations in Part 30, 40 or S BIeA BCCESS to which is not conirolled by
o om o rart ov, =V, UL yne licensee for purposes of protection of
70 of this chapter. Licensee meamg individuals from exposurs to radiation

the holder of such license; and radioactive materials, and any area
(10) “Occuprati " -8 o : H
10y “Occupational dose” includes eX-& |\ o4 for residential quarters.

posure of an individual to radiation (1) i—
in a restricted area; or (i) in the course@™
of employment in which the individual’s®:

duties involve exposure to radiation; o €TEY

gone

25 FR {0914

not be deemed to include any exposure g Sentatives.
of an individual to radiation for the pur-F

(18) “Administration” means the En-
Research and Development Admin-
provided, that “occupational dose” shall& istration or its duly authorized repre-w

therapy of such individual.

(11) *Person” means (i) any indi-
vidual, corporation, partnership, firm,
association, trust, estate, public or pri-
vate institution, group, Government
-gpeney other than the Commission or the
Administration (except that the Admin-
- 4stration shall -be considered a person
within the meaning of the regulations in
this part to the extent that its facilities
and activities are subject to the licensing
‘and related regulatory authority of the
Commission pursuant o section 202 of

“the Tnergy Reorganization Act of 1874

{B§ Stat. 1244)), any State, any foreign
- government or nation or any political
subdivision of any such government or
nation, or other entity; and (D any
legel suceessor, representative, ageunt, or
L_ﬁ_-ager@cy of the foregoing.

40 FR 8774

R 10914

(i2) “Radiation” means any or all of

the following: alpha rays, beta rays,uc
gamma rays, X-rays, neutrons, high-w
speed electrons, high-speed protons, and '
other atomic particles; but not sound
or radio waves, or visible, infrared, or
ultraviolet light; i
(13) “Radioactive material” includes
any such material whether or not subjece
to licensing control by the Commission;

U {14y VEesiricted ares” means any -
area access to which is controlled by the

Heansee for purposes of protection of

individuals Zrom exposure to radiationr

and radioactive maberials. “Restricted

sren” shall niot include any areas used

83 residential quarters, although a sepa-

rete room Of ToOmMS In a residential

$hilding may be set apart as a restricted
BTER; o

25 FR 10914

25 FR 13952

(15) “Source material” means (1)
vranium or thorium, or any combina-
tion thereof, in any physical or chemical
forra: or (i) ores which coniain by

November 14, 1975

‘pose of medical diagnosis or medical p—

(1) Defnitions of eerialn other words
and phrases as used In this part are seb
forth in olber secHions, including:

(1) “Airborne radloacilvity area” de-
fined in §20.203; ’

2) *Radiation ares” abd “high radl-

stion area” defined in § 20.362;

(3) “Personnéel monitoring equipment”
defined in § 20.202;

(4) “Survey” defined in §20.201;

T (8) Units of measurement of dose (rad,

rem) defined in § 20.4;
(6) Units of messurement of radlo-
activity defined in §320.5. -

§20.4 Units of radiation dose.

(8) “Dose,” as used in this pari, is the
quantity of radiation absorbed, per unlt
of mass, by the bodyor by any portion of
the body. When the regulations in this
part specty & dose during & period of
time, the dose means the toial guantity
of radliation sbsorbed, per unil of mass,
by the body or by any portlon of the
body during such period of time. Seversl
different units of dose ave In current use.
Definitions of units as used in this part
are set Jorth in paragraphs (o) and ©)
of this section. ’

(b)Y The rad, a3 used In this part, is a
measure of the dose of any lonizing radi-
ation to body tlssues In terms of the
energy shsorbed per unit mass of the
tissue. Omne rad is the dose correspond-
ing to the absorption of 100 ergs per gram
of tissue.
rad)

(z) The rem, a3 uzed in ibis part, I3
g, messure of tha dose of sny icnlzlng

(One millirad Gorad) =0.001

ulations in this part, any of the follow-
ing is considered to be equivalent to a
dose of one rem:

(1) A dose of 1 r due to X— or gainma
radiation; .

{2) A dose of 1 rad due to X, gamins,
or bets radiation;

(3) A dose of 0.1 rad due to nsutrons
or high energy protons;

{4) A dose of 0.05 rad due to particles
heavier than pretons snd with sufficient
energy to reach the lens of the eye;
1f 1t is more convenient to measura ths
neutron flux, or equivalent, than to de~
termine the neuiron dose in rads, as
provided in subparagraph (3) of this
paragrach, one rem of neutron radiation
may, for purposes of the regulations in
this part, be assumed to be equivalent
to 14 million neutrons per sguare centl-
meter incident upon the body; or, i
there exists sufficient information to esti-
mate with reasonable accurscy the ap-
proxzimate distribution in energy of the
neutrons, the incident number of neu-
trons per squers centimeter equivalend
to one rem may be estimabed from the
following table:

Nxoracx Fuuz Dosg EQUIVALENTS

hi
&
=4

3
~
Number of Averags
neGirons per finx to
sguare cen- | deliver 100
Neutron energy (Mev) timeter millirem In
N eguivalent 43 hours
tondossoll| (neutromsf
rem {ped- | em?per see)
tronsfam?)
g 108 §70
TAXIB 500
Reind 570
400X 108 220
1200(10% ]
43108 33
26 18 18
203108 8B
6108 13
24108 17
AN 108 17
34X108 pi

¢d) For determining exposures to X or
gamma rays up to 3 Mev, the dose limits
specified 1n 5§ 20.101 fo 20.104, inclusive,
may be assumed to be egquivelent to the
“aiy dnse”. For the purpose of this parb
“‘air dose” means that the dose is mesas~
ured by & properly calibrated appropriate
instrument in air at or near the body sur-
__‘_f ace in the region of highest dosage rate.

§20.5 Units of radicactivity.

(2) Radiosciivity is -commonly, and
for purposes of the reguladions In this
part shall be, measured in terms of dis-
integrations per unii time or in curies.
One curie=3.7x10* disintegrations per
second (dps)=2.2x10 disintegrations
per minute (dpm). Commonly used sub-
multiples of the curie are the millicurie
and the microcurie:

(1) One millicurie (mCi) '=0.001 curle
(C1) *==3.721¢" dps.

(2) One microcurie (uCi) *=0.000001
purie=3.7x10° dps.

38 FR 29314

‘yadiation to body tissue In ferms of is
estimated biological eflect relatlve to 2
dose of one roentzen () of X-rays. (Ons
miltirem (mrem) =0.601 rem.) Therela-
tion of the rem o other dose units de-
pends upon the biclogical efect under
consideration and upen the conditions of
irradiation. For the purpose of the reg-

oo ————e

TWherever possible, the appropriaﬁe unit
should be written out a3 “curte(s).” "“milli-
curts(s),” or “microcuriz(s),” and the abbre-
viatlons should not be used.

20-2
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PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

50704, section, provided:

:>(b) [Deteted 40 FR 50704.] (1) During any calendar quarter the Column 1 Column 2
: dose to the whole body from radioactive Assumed | Assumed
(c) [Deleted 39 FR 23990.] material and other sources of radiation expesure exposure

in the licensee’s possession shall not ex- Partofbody o rems for In rems for
ceed 3 rems; and quarters querters
(2) The dose to the whole body, when grier fg& ;befl;’r“;l{?grﬂn
added to the accumulated occupsational ' Jan. 1, 1951
dose to the whole body, shall not excesd
5 (N~18) rems where “N” equals the in~ | whop bogly’ . gom&s, 334 134
Serirdere 1 3 y + i - active cod-form
dividual's age in years at his last birth- Oggam, head ond TeomE
; day: and lens of eya,
(3) The licensee has determined the

individual's " accumulated occupational (2} The licensee shall retain and preserve
dose to the whole body on Form NRC-4, or records used in preparing Form NRC-4.

on a clear and legible record contain- If calculation of the individual's ac-

ing all the information required in thgt cumulated occupational dose for all

form; and has otherwise complied wi@h periods prior to January 1, 1961 yields

the requirements of § 20.102. Asused In | p resylt higher than the applicable ac-

paragraph (b), “Dose to the whole body” | cymylated dose value for the individual

shall be deemed to include any dose to as of that date, as specified in paragraph

§ 20.6 Interpretations. the whole body, gonads, active blood- | (n) of § 20101, the excess may be disre-

< Except as specifically authorized by | forming organs, head and trunk, or 1ens § gargeq.

£
o the Commission in writing, ne interpreta- | ©°f eve. §20.103 Exposure of individuals to
~ tion of the meaning of the regulations in § 20.102 Determination of accumulated | concentrations of radioactive rma.
o this part by any officer or employee of dose. : terial in restricted areas.
Y the Commission other than a written in- (a) This section contains require- . (a) No licensee shall possess, use or

& terpretation by the General Counsel will | ments which must be satisfled by transfer licensed material in such a man-
'Lbe recognized to be binding upon the | jicensees who propose, pursuant to para-| o, as to cause any individual in &

.Comumission. graph (b) of §20.101, fo permit individ-} joqiricted aren to be exposed to airborne
. uals in a restricted area to receive ex-| 1 qisactive material possessed by the

§20.7 Communications. posure to radiation in excess of the imits | Jicensee in an average concentration o
Except where otherwise specified in . specified in paragraph (a) of § 20.101. excess of the limits specified in Appendix

this part, all communications and re-g _ (b) Before permitting any individuall B “rople 1, of this part. “Expose” as
s Ports concerning the regulations in this © in a restricted area to receive exposure| yceq in tnis section means that the in.
~ part should be addressed to the Execu- & o radiation in excess of the limits SPEC-1 dividual is present in an airborne con-
@ tive Director for Operations, U.S. Nu-  ified in paragraph (a) of §20.101, each centration. No allowance shall be mads
& clear Regulatory Commission, Washing- & licensee shall: 2 for the use of protective clothing or
ton, D.C. 20555. Communications, re- (1) Obtain 2 certificate on Form NRC-4, or o equipment, or particle size, except as
. ports, and applications may be delivered | on a clear and legible record . authorized by the Commission pursuant
in person at the Commission’s offices at | containing all the information requiredi ("0 0o o (o) 6F this section.
1717 H Street NW., Washington, D.C.; or | in that form, signed by the individual (b) The limits given in Appendix E.
2t 7920 Norfolk Avenue, Bethesda, Mary~ | showing each period of time after the Table I, of this part are based upon

40

land individual attained the age of 18 inwhich | 000 v ur concentrations specified
— . the individual received an occupational| o™ torte ponrs in any period of seven
»+  Praurssiaix Doses, Levers, ann dose of radiation; and consecutive da any s i
; X e ys. In any such period
CONCENTRATIONS (2) Cal¢ulate on Form NRC-4 in accord- PR
§ 20.104 Exposure of individuals to ra. | ance with the instructions appear- . ;Zhg:s t?heagu?cfg;. thfelm;;;ig; zgggfgég
diation in restricted areas. '| ing therein, or on a clear and legible| . 0 0 may be increased propor-

record containing all the information
; ; ; ; required in that form, the previou_sly as-
(b) of tl;xs g:cggg’sf?: nlég:ggge;é};l} cumulated occupational dose'rgcezved by
ppsisgss. ‘f f}' ner as to cause any the individual and the additional dose
Al n SECT 8 manne aliowed for that individual under

tionately. In any such period where
the number of hours of exposure is
greater than forty, the limits specified
in the table shall be decreased

(a) Except as provided in paragraph

individual in a restricted area to receive § 20.101(b) pr?p)o??i)o?te}y_t thorized by th
in any period of one calendar quarter| 3<% : ration of Form NRC-4 e (1) Except as authorized by the
% from radioactive material and other| (9 alxnag:lelgg&ae rocord com. " | Commission pursuant to this paragraph,
8 sources of radiation in the licensee’s pos- taining all the information required in | 10 allowance shall be made for particle
session a dose in excess of the limiis . : 1 k ea- size or the use of protective clothing

o« ; : that form, the licensee shall make a rea > ‘ OLE “
“ specified in the following table: sonable effort to obtain reports of the | OF equibment in determining whether an
] Rems per calendar quarter individual’s previously accumulated oc- | Ddividualis exposed to an air borne con-
. . dos For each period for centration in excess of the limits speci-

1. Whole body; head and trunk; active cugatlonal dose. ¢ ! fied in Appendix B, Table .
blocd-forming organs: lens of which the licensee obtains such reports, (2) The Commission may authorize &
: ONAAS - o e e 1% 1 shall use the dose shown in L= ’ S AL RO

eyes. or gon 4| the licensee licensee to expose an individual in a re-
2. Hands and forearms; feet and the report in preparing the form. In o k ) 1 e
BNKIES -t 18% 1 any case where a licensee is unable to | Stricted area to airborne concentrations
2. Skin of Whole DoAY e omem e %1 obtain reports of the individual's occu- | i excess of the limits specified in Ap-

pendix B, Table I, upon receipt of an
application demonstrating that the con-
centration is composed in whole or in
part of particles of such size that such
particles are not respirable: and that
the individual will not inhale the con-
centrations in excess of the limits estab-

(b) A licensee may permit an indi-§ pational dose for a previous complete
vidual in a restricted area to receive aj ealendar gquarter, it shall _be assumed
dose to the whole body greater than that| that the individual has received the oc-
permitied under paragraph (a) of this! cupational dose specified in whichever
of the following columns apply:

* The duration of sample collection and the duration’ 3 N : 1

of measurement should he suficiently short compared: lished in Appendizx B, Table I _EaCh
o the ilme between collection and msasutement, as not application wunder this subparagraph
to have & statistically significant effect upon the results. shall include an analysis of particle sizes

in the concentrations; and a description
*# Amended 36 FR {366,

MOTE: Amendments made by 40 FR 50704 become effective 1/29/76.
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of the methods used in determining the
particle sizes,
- 13 'The Commission

may authorize

- hicensee o £Xpose an individual in a

restricted ares to airborne conceentra-

tione in excess of the limits specified in
“Appendix B, Table I, upon receipt of
an apulication demonstrating that the

individual will wear appropriate pro-

tective equipment and that the individual

will not'inhale, ingest or ahsorb quanti-
fies of radicactive material in excess of
tRose which might otherwise be permit-
ted under this part for employees in
restricted areas during a 40-hour week.
Fach application under this subpara-
graph shall contain the following
information:

i) A description of the protective
equipment to be employed, including the
eficiency of the equipment for the ma-
terial involved;

(ii) Procedures for the fitting, main-
tenance and cleaning of the protective
equipment; and

(iiiy Procedures governing the use of
the protective equipment, including su-
pervisory procedures and length of time
the equipment will be used by the indi-
viduals in each work week. The pro-
posed periods for use of the equipment
by any individual should not be of such
duration as would discourage pbservance
by the individual of the proposed pro-
gedures; and

(iv) The average concentrations pres-
ent in the areas occupied by employees.

§'“20.101' Exposure of minors.

(a) No licensee shall possess, use O
transfer licensed material in such a
manner as to cause any individual within
a restricted arvea who is under 18 years
of age, to receive in any: period of one

‘calendar quarter from radioactive ma-

terial and other sources of radiation in
the licensee’s possession a dose in excess
of 16 percent of the limifs specified in

the table in pavagraph (a) of § 20.101.

fb) No licensee shall possess, use or
transfer licensed material in such =
manner as to cause any individual
within a restricted area, who is urder 18
vears of age to be exposed fo airborne
radioactive material possessed by the
licensee in an average concentration in
excess of the limits specified in Appendix
B. Table II of this part. For purposes
of this paragraph, concenirations may
be averaged over periods nob greater
than a week.

tc) The provisions of paragraph ()
of ¢20.103. shall apply to exposures sub-
ject to paragraph (b} of this section.

8 20,103 Permissible jevels of radiation

Cin unrestricted areas,

(a) There may be included in any ap-
plication for a license or for amendment
of a license proposed lmits upon levels
of radiation in unrvestricted areas result-
ing from the applicant’s possession or
use of radioactive material and other
sources of radiation. Such applications

ehould include information as to antici-

pated average radiation levels and an-
ticipated occupancy times for each
unvestricted area involved. The Com-

Aprit 30, 1875
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29 FR 14434

consecutive days.
e

s

mission will approve the proposed limits
if the applicant demonstrates that the
proposed limits are not likely to cause
any individual to recelve a dose to the
whole body in any period of one calendar
year in excess of 0.5 rem.

(b) Except as authorized by the Com-
mission pursuant to paragraph (@) of
this section, no licensee shall possess, use
or transfer licensed material in such a
manner as to create in any, unrestricted
area from radicactive material and other
sources of radiation in his possession:

(1) Radiation levels which, if an indi-
vidual were continuously present in the
area, could result in his receiving & dose
in excess of two millirems in any one
hour, or

(2) Radiation levels which, if an indi-
vidual were continuously present in the
area, could result in his receiving a dose
in excess of 100 millirems in any seven

§20.106 Radioactivity in effluents to
unrestricied areas.

(a) A licensee shall not possess, use,
or transfer licensed material so as {o re~
lease to an unresiricted ares radicactive
material In concenirations which exceed

the limits specified in Appendix “B”, ¢

Table IT of this part, except as authorized =
pursuant to § 20.302 or paragraph M of
this section. For purposes of this sec- w
tlon concentrations may be averaged over &
s period not greater than one yesr. :

¢b) An application for a license or
smendment may include proposed timits
higher than those specifled in psara-
graph (a) of this section. The Commis~
slon will approve the proposed limits
if the applicant demonsirates:

(1) That the applicant has made 3
reasonable effort to minimize the radio~
activity contained in efluents to un-
restricted areas; and

- (2) That it is not likely that radio-
active material discharged in the effiuent
would result in the expoesure of an indi-
vidual to concentrations of radioaciive
material in air or water exceeding the
limits speclfied in Appendix “B”, Table
11 of this part.

(c) An application for higher limits
pursuant to paragraph (b) of this sec-
tion shall include information demon-
strating that the applicant has made &
ressonable effort to minimize the radio-
activity discharged in efluents to unre~
stricted aress, and shall include, s
pertinent;

(1) Information as to flow rates, total
yolume of efluent, peak concentration of
each radionuclide in the effuent, and con-
centration of esch radionuclide in the
efluent averaged over a period of one
year at the point where the effuent leaves
a stack, tube, pipe, or stmilar conduit;

(2) A description of the properties of
the effuents, Including:

(iy chemical composition; 3

(it) physical charaglerisiics, including &
suspended solids content in liquid eflu- o

ents, and nature of gas or aerosol for alr w
effiuents;

(lil) the hydrogen ion concentrations

(pt) of lguld efluents; and

<

i
o

effiuents relzased into alr.

(3) A deseripiion of the anticipated
human occupancy in the unrestricted
ares where the highest concentration of

. radloactive material from the efiuent is

expected, and, in the case of s river or
stream, & description of water uses down-
stream from the point of release of the
efluent.

(4) Informsation as to the highest con-
centration of each radipnuclide in an
unrestricted ares, including anticipated
concentrations aversged over a period of
one year:

(i» In air at any point of human oc-
cupancy; or

(ii; In water st points of use down-
stream from the point of release of the
effluent.

(5) The background concentration of
radionuclides in the receiving river or
stream prior to the release of Hquid
effluent.

(8) A description of the environmental
monitoring equipment, including sensi-
tivity of the system, and proeedures and
caleulntions to determine concentrations
of radionuclides in the unrestricted ares
and possible reconcentrations of radio-
nuclides.

{7y A description of the wsaste treat-
ment facilities and procedures used to

< reduce the concentration of radionuclides

in effluents prior $o thelr release.

(d) For the purposes of ithis section
the concentration mits in Appendix “B”,
Table 11 of this part shall apply at the
boundary of the restricted area. The
concentration of radiosctive maferisl
discharged through a stack, pipe or sim-
ilar conduit may be determined with

“respect to the point where the material

leaves the conduif. If the conduil dis-
charges within the restricted area, the -
concentration at the boundary meay be
determined by applying appropriate
factors for dilution, dispersion, or decay
between the point of discharge and the
boundary.

(e} In addition to limiting concen-
trations in effluent streams, the Com-
mission may limit quantities of radio-
active materials released in air or watler
during s specified period of time if if
appears that the daily intake of radio-
active material from sir, water, or food
by = suitable sample of an exposed pop-
ulation group, averaged over a peripd
not exceeding one year, would otherwise
exceed the daily intake resulting from
continuous exposure to air or water con-
taining one-third the concentration of
radicactive materials specified in Ap-
pendix "B, Table II of this part.

(f) The provisions of this section do
not apply o disposal of radioactive ma-
terinl into sanitary sewersge systems,
which 1s governed by § 20.303

.
p——

§ 20.107 DBledical diagnosis and therapy.
Nothing in the regulations in this part
shall be interpreted as limiting the in-
tentionsal exposure of patients to radia-
tion for the purpose of medical dizgnosis
or medical therapy. .
§ 20.108 OGrders requiring furnishing of
bio-assay services,
Where necessary or desirable in order

(tv) tne size range of particulates in] 15 aid in determining the extent of an

20-4
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of radioactive material, the Commission
may incorporate appropriate provisions
in any license, directing the licensee to
make avallable to the individual appro-
priate bic-assay services and to furnish
a copy of the reports of such services to
the Comumission.

PRECAUTIONARY PROCEDURES
§ 20.201 Surveys.

() As used in the regulations in this
part, “survey’” means an evaluation of
the radiation hazards incident to the pro-
duction, use, release, disposal, or pres-
ence of radioactive materials or other
sources of radiation under a specific set
of conditions. When appropriate, such
evaluation includes a physical survey of
the location of materials and equipment,
and measurements of levels of radiation
or concentrations of radioactive material
present,

(b) Each licensee shall make or cause
to be made such surveys as may be neces-
sary for him to comply with the regula-
tions in this part.

§ 20.202 “erscnnel monitoring.

(a) Each licensee shall supply appro-
priate personnel monitoring eguipment
to, and shall require the use of such
equipment by:

(1) Each individual who enters a re-
stricted area under such circumstances
that he receives, or is likely to receive,
a dose in any calendar quarter in excess
of 25 percent of the applicable value
specified in paragraph (a) of § 20.101.

(2} Each individual under 18 years of
age who enters a restricted area under
such circumstances that he receives, or
is likely to receive, a dose in any calen-
dar guarter in excess of 5 percent of
the applicable value specified in para-
graph (a) of § 20.101.

(3 Each individual who enters a high
radiation area.

(b) As used in this part,

(1) “Personnel monitoring equipment”
means devices designed to be worn or
carried by an individual for the purpose
of measuring the dose received (e. g..
film badges, pocket chambers, pocket
dosimeters, film rings, ete.)

(2) “Radiation area” means any area,
accessible to personnel, in which there
exists radiation, originating in whole or
in part within licensed material, at such
levels that a major portion of the body
could receive in any one hour a dose in
excess of 5 millirem, or in any 5 con-
secutive days a dose in excess of 100
millirems;

(3) “High radiation area” means any
area, accessible fo personnel, in which
there exists radiation originating in
wheles or in part within licensed mate-
rial at such levels that 3 major portion
of the hody could receive in any one hour
& dose in excess of 100 millirem.

e
]

25 FR 10914

§ 20.203 Caution signs, labels, signals,
and controls.

r35 FR 503

individual's exposure o concentrations

%

35 FR 5033

(a) General. (1) Except as otherwise
authorized by the Comumission, sym-
bols prescribed by this section shall use
the conventional radiation caution colors
(magents or purple on yellow back-
ground). The symhol prescribed by this
section is the conventional three-bladed
design:

RADIATION SYMBOL

1. Cross-hatched area 1s to be rmagenta or
purple,
2. Background is to be yellow.

(2) Inaddition to the contents of signs
and labels prescribed in this section, l-
censees may provide on or near such
signs and labels any additional informa-
tion which may be appropriate in aiding
individuals to minimize exposure to radi-
ation or to radioactive material.

(b) Radiation areas. Each radiation
area shall be conspicuously posted with
a sign or signs bearing the radiation cau-
tion symbol and the words:

CAUTION*
RADIATION AREA

(¢) High radiation areas. (1) Each
high radiation area shall be conspicu-
ously posted with a sign or signs bearing
the radiation caution symbol and the
words:

CAUTION1?
HIGH RADIATION AREA

(2) Each entrance or access point to
a high radiation area shall be:

(1) Equipped with a control dévice
which shall cause the level of radiation
to be reduced belpw that at which an
individual might receive a dose of 100
millirems in 1 hour upon entry into the
area; or : .

(il Equipped with a control device
which shall energize a couspicuous vis-
ible or audible alarm signal in such a
manner that the individual entering the
high radiation area and the licensee or
a supervisor of the activity are made
sware of the entry; or

(ii1) Maintained locked except during
periods when szecess to the area is re-

PR
VOr “Danger.”

20-5

quired, with positive control over each
individual entry,

(33 The controls required by subpara-
graph (2) of this paragraph shall be
established in sueh a way that no indi-
vidual will be prevented {rom leaving a
high radiation area.

(4) In the case of a high radiation
ares established for a period of 30 days
or less, direct surveillance o prevenf un-

35 FR 5033

authorized entry may be substituted for
the controls required by subparagraph
(2) of this paragraph.

(5) Any licensee, or applicant for &
license, may apply to the Commission
for approval of methods not included in
subparagraphs (2) and (4) of this para-
graph for controlling access to high radi-
ation areas. The Commission will
approve the proposed alternatives if the
licensee or applicant demonstrates that
the alternative methods of control will
prevent unauthorized entry into a high
radiation area, and that the requirement
of subparagraph (3) of this paragraph is
met. .

(d) Airborne radioactivity arecs. (1}
As used in the regulations in this part,
“sirporne radioactivity area” means (D
any room, enclosure, or operating area
in which airborne radioactive materials,
composed wholly or partly of licensed
material, exist in concentrations in ex-
cess of the amounts cpecified in Appen-
dix B, Table I, Colurn 1 of this part; or
(ily any room, enclosure, or operating
area in which airborne radioactive mate«
rial composed wholly or partly of lcensed
material exists in concentrations which,
averaged over the number of hours in
any week during which individuals are
in the area, exceed 25 percent of the
amounts specified in Appendix B, Table I,
Column 1 of this part.

(2) Each airborne radioactivity area
shall be conspicuously posted with a sign
or signs bearing the radiation caution
symbol and the words:

CAUTION?
ATREORNE RADICACTIVITY AREA

(e) Additional requirements. (1) Each
area or room in which licensed material
is used or stored and which contains any
radicactive material (other than natural
uranium or thorium) in an amount ex-
ceeding 10 times the quantity of such
material specified in Apperdix C of this
part shall be conspicuously posted W_ith
a sign or signs bearing the radiation
caution symbol and the words:

CAUTION?
RADIOACTIVE MATERIAL(B)

(2) Each area or room in which nat-
ural uranium or thorium is used or
stored in an amount exceeding one~
hundred times the quantity specified in
Appendix C of this part shall be con-
spicuously posted with a sipn or signs
pearing the radiation caution symbol
and the words:

CAUTION!
RADIOACTIVE MATERIAL(S)
(f) Containers. (1) Except as pro-

vided in subparagraph (3).01? this para-
gravh, each container of licensed mate-

April 30, 1975
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a durable, clearly visible
ing the radioactive con-

rial shall be
| Jabel ide
tents. .
(2 A labs) required pursuant to sub-
“paragraph (1) of this paragraph shall
4 bear the radiastion caution symbol and
T 'the words “CAUTION, RADIQACTIVE
TMATERILAL” or "DANGER, RADIOAC-
CTIVE MATERIAL”, Itshall also provide
sufficient information® o permit ine
dividuals handiing or using the con-
tainers, or working in the vicinity there-
of, to tale precautions to avold or mini-
. mize exXposures.

T (3) XNotwithstanding the provislons of
subparagraph (1) of this paragraph,
labeling is not required:

(i) For containers that do not con-
tain licensed materials in guantities
greater than the applicable quantities
listed in Appendix C of this part.

(il For containers containing only
natural uranium or thorium in quantities
no greater than i0 times the applicable
quantities listed in Appendix € of this
part.

(ii{y For coniainers that do not con-
tain licensed materials in concentrations
greater than the spplicable concenira-
tions listed in Column 2, Table I, Ap-

' pendix B of this part.

(iyv) ¥or containers when they are at-
tended by an individual who takes the
precautions necessary io prevent the
exposure of any individusal to radiation or
radioactive materials in excess of the
limits established by the regulations in
this part.

{v) Por containers when they ars in
transport and packaged and labeled in
accordance with regulations of the »
Department of Transportation .,

(Vi) For containers which are acces-
sible® only to individuals authorized to
handle or use them, or to work in the
ricinity thereof, provided that the con-
tenls asre identified to such individuals
by 8 readily available written record.

vil) For manufacturing or process
equipment, such as nuclear reactors, re-
actor components, piping, and tanks.

31 FR 10514

oo .
8§ 20.204 Same: excentions.

Notwitnstanding the provisions of
§ 20.203,

{a) A roorm or area is not required {o
be posted with a caution sign because of
the presence of 2 sealed source provided
the radiziion level twelve inches from
the surface of the source container or
nousing does not exceed five millirem

per hour.

25 FR 10014

(h) Rooms or other areas in hospitals
are not required o be posted with cau-
fion signs, and control of entrance or
access thersto pursuant to § 20.203(¢) is
not required, because of the presence of

[E—————

1 As sppropriate, the information will ine
clude rediation levels, kinds ol material, ea-
tumate ol activity, date for which activity is
eatirnated, mass enrichment, ele.

: Por exampie, contalners In locations such
as water-filled canals, storage vaults, or hot
cells. .

*  amended 34 FR 19546,

Aprit 30, 1875
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patients containing byproduct material
provided that there are personnel in at-
tendance who will take the precautions

o necessary to prevent the exposure of any
w individual to radiation or radioactive
i material in excess of the limits estab-
Llished in the regulations in this part.

25 FR 10314

{¢) Cautior signs are not required to
be posted at areas or rooms containing
radioactive materials for periods of less
than eight hours provided that (1) the
materials are constantly attended during
such periods by an individual who shall
take the precautions necessary to pre-
vent the exposure of any individual to
radiation or radicactive materials in ex-
cess of the limits established in the regu-
lations in this part and; (2) such area or
room is subject to the licensee’'s control

(d) A room or other area is not re-

rquired to be posted with a caution sign,

35 FR 5033

39 FR 17972

s
oo

and control is not reguired for each en- Transport group ! quéﬁ?j%t quaifg?; & e
trance or access point to a room or other (o millienries) {in guries)
area which is a high radiation area solely I o o 001
because of the gresence of radioactive oI a1 0o 053
materials prepared for transport and | 1 ! 3
packaged and labeled in accordance with ¥1 % . O'ng
regulations of the Department of & VI 25, 000 1000
Transportation, 2 Bpecial Form —w.— 1 »
. « () (1) Fach licensee, upon receiptol a.
§ 20.205_ Procedures for picking up, Y& & paokace containing quantities of radio-
ceiving, and opening packages. @ active material in excess of the Type A

(a) (1) Each licensee who expects to
receive a package contalning guantities
of radioactive material in excess of the
Type A quantities specified in paragraph
{b) of this section shall:

() If the package is to be delivered
fo the Heensee's facility by the carrier,
make arrangements o receive the pack-
age when i} is offered for delivery by the
carrier; or

(i) If the package is to be picked up
by the licensee ai the carrier’s terminal,
make arrangementis to receive notifica-
tion from the carrier of the arrival of the
package, at the time of arrival.

(2) Each licensee who picks up &
package of radicactive material from a
earrier’s termmal shall pick up the pack-
age expeditiously upon receipt of notifi-
cation from the carrier of its arrival.

(b} (1) Each licensee, upon receipt of
s package of radioactive material, shall
monitor the external surfaces of the
package for radioactive contamination
caused by leakage of the radioactive con-
tents, except:

(i) Packages containing no more than
the exempt quantity specified in the
table in this paragraph;

(1) Packages containing no more
than 10 millicuries of radioactive male-
rial consisting solely of iritium, carbon-
14, sulfur-25, or lodine-125;

(i) Packages containing only radio~
active material as gases or in special
form;

(iv). Packages containing only radio-
active material in other than Hauid form
{including Mo-§9/Tc-89m generators)
and not exceeding the Type A quantity
limit specified In the table in this para-
graph; and

(v} Packages containing only radio-
nuclides with half-lives of less than -39

20-6

days and a total guantity of no more
than 100 millicuriss.

The monitoring shall be performed sz
soon as practicable after receint, but no
later than three hours after the pack-
age Is received atl the licensee’s facility
if rsceived during the licensee’s normal
working hours, or eighieen hours if re-
ceived after normal working hours.

(2) If removable radioactive contami~
nation In excess of 0.01 microcuries
(22,000 disinlegrations per minnute) per
100 sguare centimeters of package sur~
face Is found on the external surfaces of
the package, the licensee shall Immedi-
-ately notify | the final delivering carrier
and, by telephone and telegraph, the ap-
propriate Nuclear Regulatory Commission In-
spection and Enforcement Regional Office
shown in Appendix D.

TapLy OF EXEMPT AND TY¥FER A QUANTITIES

r38 FR 222201 I

guantities specified in paragraph () of

» this section, other than those transported
by exclusive.use vehicle, shall monitor
the radiation levels external to the packs
age. The package shall be monitored a3
soon as practiceble after receipt, but no
later than three hours after the packsge
js received at the licensee’s facliity i
received during the licensee’s normal
working hours, or 18 hours if recelved
after normal working hours.

(2) If radiation levels are found on the
external surface of the package In excess
of 200 millirem per hour, or at three fee}
from the external surface of the package
in excess of 10 millirem per hour, the
licensee shall immediately notify, by
telephone and telegraph, the final de-
livering carrier and the appropriste
Nuclear Regulatory Commission Inspection
and Enforcement Regional Oifice shown in
Appendix D.

(d) BEach licensee shall sstablish and

maintain procedures for safely opening

packages in which licenséd material is
received, and shall assure that such pro-
cedures are followed and that due con-
sideration is given to special instructions
for the type of package being opened.

§ 20.206 Instruction of personnel.

Instructions required for individuals
working in or frequenting any portion of
o restricted area are specified in § 18.12
of this chapter.

i L o0 5 5
TTone dofnitions of “transport group” sod ‘speial
form”’ are specitied in § 71,4 0f this chapter.
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PART 20« STANDARDS FOR PROTECTION AGAINST RADIATION

materizls in unrestricted areas.

(a) Licensed materials stored in an
unrestricted area shall be secured from
unauthorized removal from the place of
storage.

(b) Licensed maderials in an unre-
stricted area and not in storage shall be
tended under the constant surveillance

and immediate control of, the licenses.

r & 2&2(_)7 Storage and contrel of Heensed

40 FR 26679

WasTe DIsposSaL
§ 20.301 Genersl requirement.

No lcensee shall dispose of lcensed
material except:

(a) By transfer to an authorized re-
cipient as provided in the regulations in
Part 30, 40, or 70 of this chapter, which-
ever may be applicable; or

(b} As asuthorized pursuant fo
§ 20.302; or

(¢) As- provided in §20303 or
§ 20.304, applicabie respectively to the
disposal of licensed material by release
into sanitary sewerage systems or burial
in soil, or in § 20.106 ( Radioactivity In
Effluents to Unrestricted Areas).

§ 20.302 Method for obtaining approval
of proposed disposal procedures.

% (a) Any licensee or applicant for a
license may apply to the Commission for I
approval of proposed procedures to dis- 3
pose of licensed material in a mannernot
otherwise authorized in the regulations w
in this chapter. Each application should v
include a description of the licensed ma~ '
terial and any other radioactive material
involved, inciluding the quantities and
kinds of such material and the levels of -
radiocactivity involved, and the proposed
manner and conditions of disposal, The
application should also include an anal-
ysis and evaluation of pertinent informa-
tion as to the nature of the environment,
including topographical, geological, me-
teorological, and hydrological character-
{stics: usage of ground and surface
waters in the general ares; the nature
and location of other potentially affected
facilities: and procedures {0 be observed
to minimize the rizsk of unexpected or
__hazardous exposures.

J7* (b) The Commission will not approve
o any application for a license to receive

licensed material from other persons for
i disposal on land not owned by the
& Federal government or by a State

25 FR 10914

day does not exceed the larger of sub-
paragraphs (1) or (2) of this paragraph:

(1) The guantity which, if diluted by
the average daily quantity of sewage re-
leased into the sewer by the lcensee,
will result In an average concentration
equal to the limits specified in Appendix
B, Table I, Column 2 of this part; or

(2) Ten times the quantily of such
material specified in Appendix C-of this
part; and
_ (¢} The quantity of any HUcensed or
other radioactive material released in
any one month, if diluted by the average
monthly quantity of water released by
the licensee, will not result in an average
goncentration exceeding the limits spec-
{fled in Appendix B, Table I, Column 2
of this part; and

(d) The gross quantity of licensed and
other radioactive material released into
the sewerage system by the licensee does
not exceed one curie per year.

Excreta from individuals undergoing
medical diagnosis or therapy with radio-
active material shall be exempt from
any limitations contained in this
section.

§ 20.304 Disposal by burial in soil.

No lcensee shall dispose of lcensed
material by burial in soll unless:

(a) The total quantity of licensed and
other radioactive materials buried at any
one location and time does not exceed, at
the time of burial, 1,000 times the amount
specified in Appendix C of this part; and

(b) Burial is at & minimum depth of
four feet; and

{¢) Svccessive burlals are separated by
distances of at least six feet and not more
than 12 burials are made in any vear.

§ 20.305 'Treatment or disposal by incin-
eration.

No licensee shall treat or dispose of
licensed material by incineration except
as specifically approved by the Commis~
sion pursuant to §§ 20.106(b) and 20.302.

RECORDS, REPORTS, AND NOTIFICATION

§ 20.401 Records of surveys, radiation
monitoring, and disposal.

(a) Each licensee shall maintain rec-
ords showing the radiation exposures of
all individuals for whom personnel mon-
itoring is required under § 20.202 of the
regulations in this part. Such records shall

|_government. be kept on Form NRC-5, in accord-

- - ance with the instructions contained in
o (¢ The Commission will not approve | h,¢ form or on clear and legible rec-
© any application for 2 license for disposal | ,ras containing all the information re-
Q of licensed material at sea unless the quired by Form NRC-5. The doses entered
« applicant shows that sea disposal offers | on the forms or records shall be for
‘i less harm to man or the environment | periods of time not exceeding one calen-
@ than other practical alternative methods | gar quarter.

L__of disposal. ;

% 0 . . . & (b) Each lcensee shall maintain rec-

F 20.303 .- Disposal by releasse into sani- S ords in the same units used in this part,

iary sewerage systems.

No lcensee shall discharge licensed @
material into a sanitary sewerage system
unless:

(a) It is readily soluble or dispersibie
in water: and

(b} The guantity of any licensed or
other radicactive material released into
the system by the llcensee in any one

*Redesignated 36 FR 23138,

P~

)

-————-25 FR 10914

% £3920.205(b) and 20.205(c), and disposals

b
rradiaﬁon and to radioactive maderial

showing the results of surveys rgquired
by §20.201(b), monitoring required by

made under §§ 20.302, 20.303, and 20.304.
(¢) Records of individusl exposure to

20-7

35 FR 18l0

which must be maintained pursuant to
the provisions of paragraph (&) of this
section and records of bio-assays, includ-
ing results of whole body counting exam-
inations, made pursuant to § 20.108 shall
be preserved indefinitely or until the
Commission authorizes their disposal.
Records which must be maintained pur-
suanfi to this part may be maintained in
_‘the form of microfilms.

'§ 20,102 Reports of theft or luss of
licensed material.

(2) Eochiicansea shall report by tele~
phone ond tziegraph to the Director of
the appropriate Nuclear Regulatory Commis-
sion inspection and Enforcement Regional
Office listed
in Appendix D, inuncdictely afier its oc-
currence becomes xnown o the licensee,
a2y loss or thefi of licensed material in
such quanuidies and under such circume’
stances taat it appears to the licensee
sial hazard may result to
sieved areas.

() Bz ilconsee whe is required to
make a tclephonie and felegraphic re-
port pursvant 6 parazreph (a) of this
sectionn shiali, within 30 days after he
learns of the loss or theft, maie a report
in writing to the Director of Inspection and
Enforcement, U.S. Nuclear Regulatory Com-
mission, Washington, D.C. 20555, with a
copy to the Director of the appropriate Nu-
clear Regulatory Commission Inspection and
Enforcement Regional Office listed in Appen-
dix D,
setiug forth tae following information:

34 FR 7500

fte)
o
o
v}
[34
TR
~
o
i

{1 & Geseription of the licensed
xpater;;:z izvoived, including kind, quan-
sity, chiemical, and naysical form;

€2) A desonipticn of the circum-
stances under which the loss or theft
occurred;

(37 A sitziement of disposition or
prochable disposition of the licensed
matcerizl involved;

(%) Radiation exposures fo individ-
uals, circumstances under which the ex-
posures cccurrad, cnd the extent of pos~
sible hazard to persons in unrestricted
arcas;

(53 Acuions which have been taken, or
will be touen, o recover the material;
and

&

Procedures or measures which
have bazn or will ke adopted to prevent
a rec snce of the loss or thefi of li«
censsd material.

(&) Subscquent to filing the written
repot s lcensee shnil alse report any
scbsinasive additional information on
the loss or theft which becomes avallable

to the hcensce, within 30 days alter he

learns of such informalion.

{(d) Any report filed with tie Coni-
mission pursuant to this section shail be
50 prepared that names of indlviduals
who may have received cxposure (o
radiation are stated in 8 ~coarate part
‘pf the repori. -

!

§ 20.403 Notifications of invidents,

(a) Immediate notification. Each li-
censce shall immediately notify the Di-
rector of the appropriate Nuclear Regulatory
Commission Inspection and Enforcement Re-
gional Office

July 11, 1975

MSD 000617



PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION

. ‘shown in Appendix D by telephone and

. telegraph of any incident involving by-

© product, source or special nuclear mate-
rial possessed by him and which may
have causcd or threatens to cause:

(1) Exposurc of the whole body of any
individual to 25 rems or more of radia-
tion: exposure of the skin of the whole
body of any individpul of 158 rems or
more of radiation; or exposure of the
feet; ankles, hands or forearms of any
individual to 375 rems or more of radia-
tion; or

(23 The rclease of radioaciive male-
rial in concentrations which, if averaged
over a period of 24 hours, would exceed
5000 times the limits specified for such
materials in Appendix B, Table IT; or

(3) A loss of one workinz week or
“moere of the operation of any facilitics
affected; or

(4> Damare Lo property in excess of
$100.000.

(b)y Twenty-four hour nolification
Fach licensee shall within 24 hours
notify the Diiecior of the appropriate
Nuclear Regulatory Commission Inspection
and Enforcement Regional Office listed in
Appendix D
by telephone and telegraph of any inci-
dent involving liconsed material pos-
sessed by him and which may have
causcd or threatens to cause:

-{4) Exposure of the whole body of any
individual to 5 rems or more of radia-
tion: exposure of the skin of the whole
body of any individual to 30 reme or
more of rhdiation; or cxposure of the
feet, ankles, hands, or forearms to 73

" vems or more of radiation; or
_ - {2) The release of radioactive mate-
“rial in concentrations which, if aver-
aged over a period of 24 hours, would
exceed 500 times the limits specifled for
. such materials In Appendix B, Table II;

5,
Lol

27 FR 530

Iy
(3) A loss of one day or more of the
- operation of any facilities affected; or
(4) Damage to property in excess of
$1,000.

23

o
In)
24

suant to this section shall be prepared so that

_tr names of individuals who have received exposure

& to radiation will be stated in a separate part of
% the report.
| 5 ;

§20.404 |Deleted 38 FR 22220.]

§ 20.405 Reports of overexposures and
excessive levels and concentralions.

“{a) In addition to any notification
required by § 20.403, each lcensee shall
make a report in writing within 30 days
to the Director of Inspection and Enforce-

ment, U.S. Nuctear Regulatory Commission,

appropriate Nuclear Regulatory Commission
inspection and Enforcement Regional Office
listed in Appendix D,

27 FR 5905

radiation or concentrations of radioac-
tive material in excess of any applicable
mit in this part or in the lcensee’s
Heense; (2) any incident {or which notl-
ficarion is required by § 20.403; and (3)
levels of radiation or conceuntrations of
radivactive material (not involving ex-
cessive exposure of any individual) in

December 26, 1975

sn unrestricted area In excess of ten
times any applicable limit set forth in
_;this part or in the licensee’s license.

jpoocts.

Each report required under
this paragraph shall describe the extent
of exposure of persons to radiation or to
radicactive material, including estimates
of each individual's exposure as required
by paragraph (b} of this section; levels of

35 FR 15067

radiation and concentrations of radio-
sctive material involved; the cause of
the exposure, levels or concentrations;
and corrective steps taken or planned to
assure against a recurrence.

(b) Any report filed with the Commis-~
sion pursuant to this section shall in-
clude for each individual exposed the
name, social security number, and date
of birth: and an estimate of the indi-
vidual's exposure. The repor! shall be
prepared so that this information is
hstated in a separate part of the report.

¢} [Deleted 38 FR 22220,

§20.406 {Deleted 38 FR 22220.{

_§ 20,407 Personnel exposure and mon-
itoring reporis.

(2) This section applies to each person I
censed by the Commission or the Atomic En-
ergy Commission to:

(1) Operate a nuclear reacior de-
signed to produce electrical or heat
energy pursusnt to §50.21(b or §50.22
of this chapter or a testing facility as
defined In § 50.2(r) of this chapter;

(2) Possess or use byproduct material
for purposes of radiography pursuant to
Parts 30 and 34 of this chapler;

(3) Possess or use at any one time,
for purposes of fuel processing, fabrica-
tion, or reprocessing, special nuclear ma-
terial in a quantity exceeding 5,000 grams
of contained uranium-235, uranium-233,

39 FR 1000

(c} Any report filed with the Commission pur-

Washington, D.C. 20555, with a copy 10 the

of (1) each sxposure of an individusal to .

or plutonium or any combination thereof
pursuant to Part 70 of this chapter; or

(4) Possess or use at any one time,
foF processing or manufacturing for dis-
tribution pursuant te Part 30, 33, or 33
of this chapter, byproduct material in
gquantities exceeding anyone of the {ol-
lowing quantities:

Radionuclide? Quantity in curies
Cesiurm-137 i
Cobalt-80 1
Gold-198 - —— 100
FoAINE=13] e e v emammam v nae - 31
Iridivm-~183 10
Erypton-88 ... 1, 000
Promethium-147 h{+3
Tochnetium-9M cvccevmon—wawenewnn 1, 000

(b) Each person described in para-

graph (a) of this section shall, within
the first quarter of each calendar year,
submit to the Executive Director for Opera-
tions, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20535, the following re-
ports, applicable to the described licensed

[T ————

T The Commission may require, as a license
condition, or by rule, regulation or order
pursuant to § 20502, reports from licensees
who anre licensed to use radionuclides not on
this lst, in gusntities suficient to cause
comparablae radiation levels.

20-8
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38 FR 1000

activities covering the preceding calen-
dar year:?®

(1) A report of either (1) the tolal
number of individusls for whom per-
sonnel monitoring was required under
§% 20.202(a) or 34.33(a) of this chapter
during the calendar year, or (i) the total
number of individuals for whom person-
nel monitoring was provided during the
calendar year; Provided, that such total
includes at least the number of individ-
uals required to be reported under para-
graph (b) (1) (1) of this section. The re-
port shall indicate whether it iz sub-
mitted in accordance with paragraph
(b) (13 ) or (iD) of this section.

(2) A statistical summary report of
the personnel monitoring information
recorded by the licensee for individuals
for whom personnel monitoring was
either required or provided, as described
in § 20.407(b) (1), indicating the number
of individuals whose total whole body
exposure recorded during the previous
calendar year was in each of the follow-
ing estimated exposure ranges:

Estimated Whole Body Number of
Ezposure Range individuals in
{Remas)? each range

Ne measurable eXposUTt..cceesceos
Mesasurable exposure less than 0.1..
0.1 to 0.25..
0.25 to 0.5
05 to 0.75.

pra——.

........ -

OO0 3 U 0O RS
g8gsssEEs

10 to 11..

11 to 12._..

124

The low exposure range dats are re-
quired in order to obtain better informa~
tion about ths exposurss actually re~
corded. This section does not require
improved measurements.

§ 20.408  Reports of personnel expo-
sure on termination of employment
or work.

When an individual terminates em-
ployment with a licensee subject to
§20.407, or an individual assigned to
work in such a licensee’s facility, but not
employed by the licensee, completes his
work assignment in the licensee’s facility,
the licensee shall furnish # to the Executive
Director for Operations, U.S. Nuclear Regu-
tatory Commission, Washington, D.C. 20558,
a report of the in-
dividual’s exposure to radiation and ra-
dicactive material, incurred during the.

[OOSR,
2 A licensee whose license expires or termi-

nates prior to, or on the last day of the cal-
en.dur vear, shall submit reports at the expir-
ation or termination of the license, covering
that part of the year during which the license
was in effecr,

s Individual values exactly equal to the
values separating Exposure Rangss shall be
reported in the higher rangs.

*  Amended 38 FR 22220.
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PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATIGN

period of employment or work assign-
ment in the licensee’s facility, contain-
ing information recorded by the licensee
pursuant to §§ 20.401(a) and 20.108. Such
report shall be furnished within 30 days
after the exposure of the individual has
been determined by the licensee or 80
days after the date of termination of em-
ployment or work assignment, whichever
__is earlier.

34 FR 5254

§ 20.409 Notifications and reporis to
individuals.

(a) Regulrements for notifications

and reports to individuals of expdsure to
radiation or radioactive material are
specified in § 19.13 of this chapter.

(b) When a licensee is required pur-
suant to §§ 20.405 or 20.408 to report to
the Commission any exposure of an in-
dividual to radiation or radioactive ma-
terial, the licensee shall also notify the
individual. Such notice shall be transe
mitted at a time not later than the
transmittal to the Commission, and shall
comply with the provisions of § 19.13(a)
of this chapter.

38 FR 22220

1

EXCEPTIONS AND ADDITIONAL
REQUIREMENTS

§ 20.501 Applications for exemptions.

The Commission may, upon application
by any licensee or upon its own initiative,
grant such exemptions from the require-
ments of the regulations in this part as
it determines are authorized by law and
will not result in undue hazard to life or
property.

§ 20.502 Additional requirements.

The Commission may, by rule, regula-
tion, or order, impose upon any licensee
such reguirements, in addition to those
established in the regulations in this
part, as it deems appropriate or necessary
to protect health or to minimize danger

to life or property.

25 FR 10914

7§ 20.601  Violations.

-An injunction or other court order
may be obtained prohibiting any viola-
tion of any provision of the Atomic
Energy Act of 1954, as amended, or Title
II of the Energy Reorganization Act of
1874, or any regulation or order issued
thereunder. A court order may be ob-
tained for the payment of a civil penalty
imposed pursuant to section 234 of the
Act for violation of section 53, 57, 62, 63,
81, 82, 101, 103, 104, 107, or 109 of the
Act, or section 206 of the Energy Reorga-
nization Act of 1974, or any rule, regula-
tion, or order issued thereunder, or any
term, condition, or limitation of any
license issued thereunder, or for any
violation for which a license may be re-
voked under section 186 of the Act. Any
person who willfully violates any pro-
vision of the Act or any regulation or
order issued thereunder may be guilty of
a crime and, upon conviction, may be
punished by fine or imprisonment or

both, as provided by law.

40 FR 8774

APPENDIX A [Reserved]
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P APPENDIX B APPENDIX B
24 Concentrotions in Air and Watsr Above Notural Background Concontrations in Alr and Water Abeve Natural Backgroynd— Continued
W {See footnotes on page 20-15) {See lootnotes on page 20-15)
ol .
° - Tabls | Table il Table § Tabie il o
oy g;
Eement {otomix number) isotope ' Column Column 2 Column } Column 2 Element (slomic number) sotope ! Column 1 Column 2 | Column § Columna 2 e
Alr Water Alr Water Alr Water Air Water ?:g
t (uCi/ml){(pCi/m1)(;C1/ml){(,Ci/ml) t (pCi/mL)(uCi/ml)(,Ci/ml ) (uCi/ml) o
th
Actinium (89)_____ . ... _. Ae 227 s 2 xip™2 6 x1073 8 X107 2 x107¢ Bromine {35)... .. .. .. ... 8r 82 $ 1 x107¢ 8 x107? 4 1078 Ixi0™¢ e
L} 3 xioh 9 %1073 9 xig-n I X107 [} 2 %1077 1 x1p73 6 x107% 4 x 1074 D
Ag 228 $ B xto® 3 x10m? 3 x167° 9 x1073 Codmium {48).. . ... . . Cd 109 s 5 x1078 8 x1077 2 x107° Z X107+ prd
i 2xi1078 3 x107? & X109 9 X104 H 7 xipé 3 X107 3 <3077 2 X174 (w]
Americium (98)._. ... .. Am 241 s 6 X101 I x107¢ 2 X107 4 x107¢ Cd 118m $ 4 x107% 7 X107 1 x107° 3 x1073 b
i 1 x1owe 8 X107 4 x107°02 I X074 i 4 xj0"¢ 7 X1074 1 x107° 3Ix1o7d =
Am 242m $ & x10~1 X107 2 x1078 X107 Cd 115 $ 2 X107 I x107? [ 81l 3 x103 O
H 3 xipTie 3 xig™? 9 x10™H ¢ <1073 § 2 <1077 ¥ <1073 6 %107 4 x10°*
Arm 242 $ 4 x107¢ 4 1079 LIPS 1 I I x107¢ Calelum {20)._._._... ... Ca 45 H 3 x1078 3 X107 P X107 g w10 22/
i 5 x107¢ 4 %1073 2 X107 1S 1 [} 1 x1077 5 %1073 4x107% | 2axi0™¢ !
Am 2143 $ 6 x10717 21074 2 %1871 4 x107¢ Ca 47 $ 2 X107 ¥ <107 & x107% ! 5 X107 O
i 1 xipTe 8 x107¢ 4 x10741 3 xip73 i 2xi077 11073 & X107 3« 1074 oo}
A 244 $ 4 x107¢ P xi07? ¥ X107 5 x107? Colifornium (98). ... .. . Cf 249 $ 2 x10"1 P X190 ¢ 5 x107 . 41078
' 2 %167 1 X107 8 x1077 5x107 ! 1X1079 | 7 x107¢ Ix1w07 | axips 9
QAmlmony (3% ... .. .... 5b 122 -1 21877 B X1074 & X107 3 xip~d q Cf 250 H 5 x1p-i2 4 x107¢ 2 X107 1 <1073 X
= ! 1 x1077 B X107 5 %1077 axio—s £ 1 1X107 | 7 x1074 axie axio O
§S b 124 3 2X10°7 7 X107¢ §x107° 2%107 8 CF 251 H 2x1071 1 X107 ex1074 ,  axiomt =4
S« i 21078 7 xigt 7 X197 2 X108 o ] | T4 8 %1074 I X107 3 wipTs m
u $b 125 s 5§ x1077 3 x107? 2 X178 T X107¢ Cf 252 %5 6 x10°12 2 x107™* 2 x1071 7 x107* 9]
© ! 3Ixip7 3 %1073 X107 1107 @ ¥ Ix1p74 | )07 1x1071 } 7x107 =
Argon (18). . ____ ... .. A 37 Sub? 6x107% 1. ... .. [ 1974 1+ DL I S Ci 253 3 8 x1071° 4 %1073 3Ixio7 ¥ 107 O
A 41 Sub AXYOTY | L. 4x107% § ... § 8 x10-% 453079 3 xig™Y i T x107¢ =
Arsenic (33). . ... ... _. As 73 H I x10¢ 1S 1 7 X107t 5 %1074 CF 254 11 §x1071 4 x107¢ 2x1p79 14 s
' 4 x1077 1 X072 1 %107 5x107¢ : H 3 xi077 4 X107 X078 Y xi07? P
As 74 -1 3 1077 2 x1073 1 xtp-® 5 %1078 Carbon {6).... . ... .... C 14 s 4 x107¢ 3 x107? I x¥077 8 X107 m
i X107 2x1073 4 x1077 § %1074 : {CO2) Sub sxi07s . L2050 1 A >
As 76 H P x1977 & %1074 4 %107 2 X107 Corlum (58)... . . . ____ Co 141 H 4 %1077 3 xip? 2x107 | 9 %1078 S
§ 1 %1977 & 104 Ixio? 2 x1077 i 2 x1077 3Ixi073 5 xip™* 9 x1078 =
As 77 s 5 1077 axig73 2x107¢ 8 xi0™d Ce 143 H Ixio~? 1 x1073 9 %1077 4 xX1073 [45)
i 4 x1077 2x107% 1107 81073 [} 2x1077 1 X107 7 x1o7* 4 %1074 wanl
Astatine (B8).... .. .| Avan $ 7 X107 5108 2 xigme 2 %1078 Co 144 -1 1 x107¢ I X107 3 X197 ¥} x10”8
i I x1074 2 X103 1 Y4 11 7 %1073 § & x10°* I xip™ 2 xigmie tx1p78 ey
Bardum ($8)... ..., .. .. Ba 131 5 1 x107¢ 3 x107 4 x107¢ X074 QCesium {88)._ .., .. ... Cs 131 $ 1 X107 7 x107? 4 x1077 1x107 P
H 4 %107 5107} I x107 2X187¢ i 3IxIge 3 xig7? T x1077 9 X107 ]
Ba 140 s 1 x1077 8 xXI074 4 X107 3 x1078 Cs 134m S 4 x1073 2 X167} 1 X107 61073 —
i 4 X107 7 X107 I x1077 2 %1073 { & X107 3 x107? X107 X103 b
Berkslium (97) . _..| Bk 149 $ 9 X010 2 %1672 3IxioTn & X107 Cs 134 $ 4 x107¢ [ O] 1 x107° @ xipTt j
: H 1 x1077 2 %107 4 X107° & 1 f 1 xi107¢ ¥ X103 4 x1p7w 4 1073 C’)
Bk 250 $ 1 xi077 & x107% 5 X107 2 X104 Cs 133 - 3 x1077 3 %10} 2 X307 I x107¢ e
i 1 x107¢ 6 x1073 4 <107t 2 X1074 i 9 x107¢ 7 x107? 3 x107° 2 X107
Baryllium (4). ... . ._... Ba 7 s & X108 5 x107? 21077 2 X173 Cs 136 S 4 x1077 2 %1073 1 xip78 9 <107
i 1 X107 3 x107? 4 x107¢ 2 X107 H 2 X107 21073 & x107° & X109
Blamuth {(83).........._. Bl 206 $ 2 X107 1 xip7 61077 4 <1073 Cs 137 - 6 x107¢ 4 X107+ 2 x107° X103
i 1 x1077 1 xi107? 5 x107° 4 x107% § ¥ xi107® ¥ %107y 5 xipme 4 %1078
B 207 H 21677 2 X197 6 %107 [ 3¢ 1] Chiorine (7). . ... ... Cl 36 H 4 %1077 2 x107? I x107¢ Bx1074
i I xi107¢ 2 %103 sxip ¥ 6 1073 [ %107 22X B x10710 6 x1p~s
Bi 210 H & xX107° X109 3 xi07w 4 %1073 Ci 38 § 3 x10m¢ I x107? ¢ xip 4 %1074
t & X107 1 xipmd 2 %1410 4 X10°8 § 2 X307 1 xi1072 7 x1p-t 4 x1074
Bl 212 8 i X107 ¥ x1072 3Ixi107¢ 4 X107¢ IChromium (24)... . Cr 51 % I xi0™8 5 X1 41077 2 xip7?
H 2 x1077 I X107 T xio? 4 X074 . i 2x107¢ 5 x107? 81078 2 X103
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APPENDIX B APPENDIX B
Cancentrations in Alr ond Water Above Noatural Background—Continuad Concenlrations in Air and Water Above Natural Background— Continued
(See footnotes on page 20-5) {See footnotes on page 20-15)
Table | Table I} Table | Table 1§ §
sl
Element {stemic number) Isotope ! Column 1 Column 2 | Column 1 Celumn 2 Element (stomic number) Isetope ! Calumn 1 Column 2 Column 1| Column2 1
P
Air Waior Ajr Wu:ter Alr Water Alr Water L)
+ (pCi/m(pCi/ml}(pCi/ml) (yCi/ml) + (pCi/mL){(uCi/mI)(,Ci/ml (uCi/m1) @
e 1
Cabalt (27). .o Co 57 3 3X107¢ 2 X107 1x1077 5 x1074 Fermium (100).. ... .. Fm 254 s 6 x1078 41077 2%107° 1 X1074 =
i 2 x1077 1x107? 6 %107 4x10™ H 7 X107® 4 %1073 2 X107? 1 X107 b
Co 58m s 21073 8 x1072 6 X107 3 x107? Fm 255 s 2 X108 1x1073 6 %1070 3xi0s
1 9 X107¢ 6 X1072 3 %1077 2 %1077 1 1 x1078 1 %107 4 X107 3xio—s OJ
Co 58 3 8 x1077 4 %1077 Ixiot 1 X107 Fm 256 $ 3 x1077 3 %1078 1 xio™he gxio™7  I»
i 5 x1078 3Ix1073 2 X107 9x107% | i 2x107° 3 X1075 61071 9 X1077
Co 60 S 3 X1677 1 X107t 1 x107¢ 5 x107% Fluorine (9)___._.___._._ F 18 s 5 x107¢ 2 X102 21077 8107
I 91077 1X1079 3 X107t 3 X107 i 3 X107t 1X1072 9 x107¢ 5X107¢ en
Copper (29). ... o Cu 64 s 2 X167 1 %1077 7 x107? 3 X107 Gadolinium (64)_______._ Gd 153 s 2X1077 6 X103 & X107° 2 X107
I 1 X107 6 %1073 4 X108 2 X107 1 9 x107¢ 6 x1073 3 %1070 2xiom¢ 11
Cortum (96) ... Com 242 s 11070 | 7107 | 4xieT? | 2xi078 Gd 159 5 5X1077 | 2x1079 | 2xi10® | @wxio-s GJ
% 1 2 X107 7 x1074 &x1071 2 X1078 H 41077 2 %1073 1 X107 gxip™s M
Cm 243 5 6 X101 11074 2x1071 5x107 Gallium (3. ________ Ga 72 5 2 X107 1x1073 8 > 1077 4 X107
! 1x107%0 7 X1074 3 x10712 2 X1073 i 2X1077 1 %1073 & X107 4 x107° 9
= Cm 244 5 9 x10712 2 X107+ Ix107" 7 X107% < Garmanium (32)._.__..._| Ge 71 s 1 x107% 5 %1072 4x1077 2 x107? B
3 ! 1 X107 81074 3107Y IxI07 @ ! 6 x107¢ 5 %1072 2 X107 2X107 Q
gw Cm 245 g 5 x10712 1 X104 2x1078 4X107% T Gold (79} ... ... Av 196 3 1 X107¢ 5 %1073 4 %1078 2 X104 -
=& | 1x1071° 8x107¢ 4 xX107% 3x1w0~ T 1 6 %1077 4%1077 2 %1078 1 %104 ?‘l}
o Cm 246 $ 5x10712 1x1074 2x1071 4x107 o Auv i9s 4 3 x1077 2 %1073 1 x1078 5 X1078
™~ I 1 X107 8 X107 4 X107 3X107% i 2 x1077 1 x1073 8 x107° 5 X078 ﬁ
Cm 247 s 5 X107 X104 2x1078 4 X107¢ Au 199 $ 1 X107 5x1073 4 %1078 2x107 O
1 1 X107 6 X107 4X10712 2X107% i 8 x1077 4 x107% 3 X1078 X107 =
Cm 248 s &6 xio™8 1 %1078 2 X107 4 x1077 Hafnium (72} . _____... Hf 181 s 4 <1078 2 %1073 1 x1077 7 X078
! 1 x10™M 4 X105 4x1078 ¥ x107¢ . { 7 X108 2x1077 3x107° 7x1075 B
Cm 249 g 1 X105 6X1072 41077 2x1073 Holmium (67)__________. Ho 166 1 2 x1077 9 X107 7 x1077 3x1678 {5
i 1 X1078 61077 4x1077 2 %1073 1 2X1077 9 X107 6 X107 IX1070 In
Dysprosium (68) .. ____. Dy 185 s 3 x107¢ 1X1072 9 X107 43107 lHydrogen (1)_._______.:| H3 s 5 %1078 1 X107 2 X107 3IXIDT? =
i 2 %1078 1 %1077 7 x107* 4 X107 ] 5 X107 1107 2 x1077 IxI07
Dy 166 $ 2 x1077 11078 8 x1077 4x107% : Sub 2x107% ... axyot ... n
) 2x1077 11077 7 %1077 4%107° | ndium (49)_. ... In 113m 5 B X107 4x10™? 3xio7 | 1xie =
Einsteinium (99).......| Es 253 5 810710 | 7 x1074 3xio7! 2%1073 { 7 X107 4%107? 2 X107 1x1073
! & X107 7 X104 2x10™" 2 %1078 In 114m s 1 X107 5 X104 4 x107° 2 X107¥ &
Es 254m 5 5x107° 5 X1074 2x10710 2x107¢ i 2 %1078 5 %1074 7 x10710 2x1078 b
[ 6 x107? 5x1074 2 X107 2 x1078 In 115m $ 2 X107 ¥ X102 8 x107® axio— &
£s 254 S 2 Xy 4 X104 & X101 1 x1073 i 2 x107¢ 1 X107 & x107¢ 4107
> i 1 xip7° 4 X107 4 X107 1 X107% in 115 5 21077 3 X078 9 X107% g X107S >
= Es 255 s 5x10710 81074 2 X107 3 X1073 H 3 x1078 3 %1073 1 X107 9 x1075 :«{
= i 41010 §x1074 1xi1o7H 3X107F lodine (53). ... ... ...... 1125 s 5 X107 4 X107% 8 x10™H 2x1677 03
ol Erbium (68) ... Er 169 S 61077 3Ix107 2x107¢ g X107 I 2 %10°7 & %107 6 x10~° 2xi0~
©o I 43077 3 X107 1x1078 9 X107¢ 1126 s 8 x107? 5 x1074 9 x 1o~ 3 %1077
- Er 171 s 7 X107 2x1073 2x107* 1 X074 , ! 3 x1077 3 x107° 1x107¢ 9 %1078
Nt 1 6 x1077 3 %1073 2 X100 11074 1129 3 2x107° 1 x1078 2x1o7" 6 1078
1} Eurepium (63). ... ... Bu 152 S 4 x1077 2 x1073 1 x1078 & x1078 i 7 x107¢ 6 %1072 2 X100 2 %1074
{1/2 =92 hrs) | 3 xio7 2 X107 1 x1078 6 X103 U K3 S 9 x1077 6 X105 1 X107 3 x1077
Eu 152 5 1 %1078 2X1073 4 %1070 8 X107% i 3 %1077 2 %3073 1 %1078 61073
(T/2 =13 yrs} | 7 X108 2 %1073 6 X107 8 x107* I 132 $ 2 X107 2 x1073 3 X107 8 x10™¢
£y 154 s 4 %107 61074 1 %1070 2 X164 ! 9 x1077 5x107? 3 x1078 2 X104
1 7 X107° 6X107% | 2axigTe 2 X103 {133 H 3 X108 2 w10 4 10710 1 %1074
Eu 155 $ 9 %1078 6X1073 L 3 X107 2 %1074 1 2 x1077 1 x1074 7 1077 4 %1073
i 7 x107¢ 6 x1073 31077 21074 1134 $ 5 x1077 41073 & X107
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APPENDIX B

{See footnotes on page 20-18)

Concentrations in Alr and Water Absve Motural Background — Continpad

APPEMDIX B

Concentrations in Alr ond Water Above MNatural Background - Comtinued

{See Tootnotes on page 20-i5)

Si6L 0L judy

‘ Tabla | , Yabla Ii Tabls | Yabie I R
| >
| , B
Elemens {etomic numbar) isotope ! Colymn 1 | Column 2 | Column 1 I Column 2 Elament (atomic number) | fsotope ! Column 1 Column 2 Column 1 Cotumn 2 o
H H
+
Air i Water ‘ Adr . Water Air Water Air Water r&%
+ (uCi/ml)(pCi/mly(yCi/ml) (;Ci/ml) (uCi/mL)(uCi/mIN(;Ci/m1Y (1,C1/ml) ©
1 ‘ i w
' 1 N
ladina {53) b 134 1 3 x107¢ 2XI0TT L 1 k1077 6 X107 | Naptunium (93).. . | Np 237 3 4x1077 1 9 %1078 11070 3 <107 =
I 135 S 1 %1077 7 X1074 A\ 1 4 X10°¢ ! 1 X107 P X107 4 10" 3 <1078 :’
{ 4 x1077 2 x107? t xig'? 7 xigd . Np 239 s B x1077 4 x1073 31078 1 x107 P
feidivm {¥7) fr 190 S 1 xip7¢ & x107 4 %1078 2x1074 I 7 x1077 4 1073 2 #1078 1 <1074 (:7
i 4 %1077 5 x1073 1 xio"® 2 X107 Mickel (28} _ __ __ . _. Ni 59 S 5x1077 & x1073 2z 10 21974 I:i
I 192 H 1x10°7 1x107? 4 X107 4x10°% ! 8x1077 | 6xi077 | 3x107 2x167
i I xipd 1 x1073 ¢ %1070 4 %1075 Wi 63 $ & X108 8 X104 ! 2 X10°° 3 xi103 ™
Ir 194 H 2 %1077 1 X107 8 x107° 3 X107 I 3 X107 233077 11078 PR« 0 o
f 2 X107 @ X104 5 x107°? 3 %1079 Ni 65 s 9 <1077 4 %1073 3I X100 1 21074
fron (26) Fe 55 - 9 X1077 2 X107 I X107 B w1074 I 5 x1977 I xip7? 2 xig7Y 1 X107 T
1 A\ S 1 7 xig"? 3 X108 2 X103 Niobivm Nb 93m $ I x1077 1 %1077 ‘ 4 107 4 w1 Q
Fe 59 3 T x1977 2 x10 3 5 x107° & 1073 {Columbium) (41). i 21077 11077 5 x107° 4 x !0." oyl
i 5 x10°¢ 2 x10°3 2 %1077 5 %1073 Nb 95 S 5 K107 3 xiog 217t 1 X104 -
Hrypton (36} Kr 85m Sub & x10°% | . TXYOTT i 1 x1077 I X0 poo3xie 1 X104 3
f:'i) | Kr 85 Sub 1 X109 Ixto7 o b Nb 97 s 6 X107 310772 | 2x1077 9 X107+ O
! Kr 87 Sub LS L R 2x10° L 3 ! 5x107¢ 3Ix1072 2x1077 9 x1074
Oy : Kr 85 Sub Txtome . 2XINTE L. ;Osmium (76) ... Os 185 s 5 %1077 2 x107? 2 <1078 7 X7 g
mwitxmhunum (37} Lla 140 s 2 %1077 7 X107 5 x107° 2x107% I 5 xi107e 2 X107 2 X107 7 xig? ﬁ
[iel i 1 x1077 7 x1074¢ 4 x107° 2XW07¥ 4, Os 121m S 2 x93 7 x107? & %1077 3 X103
Nlead {82} Pb 203 5 3 x107¢ 1 x107? ¢ xint 4 x1074 o ¢ 9 X108 7 xip? 3 xi1077 2 x1878 :..‘!
i 2 X107¢ 1 x107? & X108 4 x1074 Oy 191 S 1107 5 %1073 4 %1078 | 21107 C}
Pb 210 s 1 xip-ie 4 xX107¢ 410712 1 X107 i 4 %1077 5>io7? (IS 1+ I 107 rd
[ 2} 5 x107? 8 x107"? 2 X1074 Os 193 S 4 %1077 2 %073 1 xigTe [ & X107
PLb 212 $ 2 x1078 & x107¢ & X107 2 x1079 ! 3Ixi1077 2 %1673 9 xI07% 5 x107* b
H 2 %1078 5 %1074 7 xyp71° 2.X1973% Pallodium (46) . ... Pd 103 $ 1 X107¢ 1 x107? 5x1oe 3 X107 D]
Lutetium (1) RERL'R ka4 S & %1077 I X107 X108 1 x10™4 [ 7 X167 8 x107? I xiot 3 x107¢ Iy
: . | ! 5 x1077 3Ix107? 2 x1e7e ¥ 1074 Pd 109 S 6 X107 3 xi1g™? 2x1078 . 9 xi07s s
Maagoness (25) " ¥n 52 5 2 %1077 1x107? 7 wi07? 3 X103 1 4 %1077 2 %1073 { 1x107t | 7xwes, 2
i H 1 %1077 g x1074 5x107° 3 xip~s Phosphorus (15) P 32 5 7 xi07¢ x| 21077 2x1073 [63]
LT * 5 4 %1077 4 x107 1 xip 11074 ! 81078 7XI07TY | 31077 | 2 X107V e
: ! 4 x10°¢ 3 %1079 1 %1077 1 %1074 | Platinum {78). .. . Pt 191 13 8 X077 4x107F v 3Ix10Tt L x1074 =
§ Mn 56 S 8 xin 7 41077 3 xip7? 1 X107 I 6 x1077 31073 2x10°8 | 11T b
! 5 X107 I x1073 X108 T x{o7s Pt 193m ] 7 %307 31077 [ 21077 1 %1073
Mereury (80) Hy 197m 3 7 %1077 & =107 I X107t 2 X307 i 5 x107% l 3 x1077 2 x1077 1 X103 =]
i 8 xi10'7 § %107} I %1078 2 %1074 | Pt 193 [ tetos 13107 (0 40t 9 w10 ¢ i;
Hy 197 g 110 ¢ | 9xi0 4510t 351074 i i 3<107 | 5107 iwviof | 2w o
1 ! 31076 1 %07 9 %107 5104 Pt 197m s 6107 3 %1072 2 X107 X073 e
Hy 203 s 7 X107 5 X167 2x10°° 2 X1073 ] 5 %1076 3 x1077 7 %1677 owip=t L)
i 1 %1077 Ixio? 4 X177 X107 Pt 197 H 8 x10977 4 %107 Ix1078 1y xjo4 red
Molybdenum (432) i Mo 99 3 7 X107 5 x107? 3 xi07t 2 x1074 ! & x1077 Ix0? 2X1077 e 1 X107
; 2%10 7 1 %103 7 %16~ 4 %1078 | Plutanium (94) Pu 238 5 2x10° " 1 X104 77X 5107
Neodymium (60} ... .. Nd 144 M 8 xi10°" 2 X107 I xigh 7 %1078 { 3 X1y 8 x1p4 1 xypTn IxIps
[ 3 x10710 2 %107} ¥y <107y 8 wig s Py 239 S 2x1071 1 x10 ¢ b x10714 510
I Md 147 H 4 %1077 2 x107? 1 x10°® 6 X103 i 4 X107 & x1p7¢ 1 xig-n 3o
I 2 %1077 2 %03 8 x107" 6 %1073 Pu 240 s 2 x10-1 T x1074 & X107 31078
Nd 149 S 2x10°¢ | 8 x107? 6 x107¢ 3 x1074 I 4xigh 8 x107¢ 1 x1071 3 %1078
! X108 | gxy0m? 5xi07% I %1074 Pu 241 $ g x10n 7 %1073 3 xig™n 2 %1074
i 4 x107d 4 %1072 1x307° 1 xig7?
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APPENDIX B

Concentrations in Air and Water Above Moturol Background —Continusd

{See footnotes on page 20-15)

APPENDIX B

Concantrations in Air and Water Above Neatural Background-—Cantinved

{See footnotes on page 20-15)

E Table | Table i Table | Tablie I ;
oy
Element (atomic number) fsotope ! Column 1 Column 2 Column 1§ Column 2 Element (atomic number) lsotope ! Column 1 Column 2 Column 1 Column 2 =
]
Alr ] Water - Air Water [ Air Water Air Watar &
+ (pCi/ml)l(uCi/ml){(;;Ci/ml) (pCi/ml) + (uCi/mI)(uCi/m1)(yCi/ml) (4Ci/ml) @
! w
~12 = - -4, - - - -
Plutonium (94). .. ___ Pu 242 ; e | e e | 30T Ruthenium (44). | R 97 s 2X107 | 1x1077 | 8x10 | 4x107 ;
10~ -2 -8 -
Py 243 5 2X107 | 1x107 | 6x107% | 3xi0¢ ' ' Txier | 20| Exiom | axio =
; e e o et Ry 103 s 5 X107 21078 2107 81078 &
bo 244 . o | e RO £l ] BX107 | 2x1073 3x107 | axioms
? ] 31070 j 3 x1074 1x1071 | 1 %1078 Ry 105 s 7x;o 73 x:o : 2x1078 1 %10 Is
: . 2 - - - -4
Polonium (84)......___ | Po 210 s 5X107° | 2%107 | 2xiov | 7x10~7 Re 106 ! S e | e Piiee | xioe 1
i 21070 1 g0 7X107% | 307! v h ﬁ’;m"? 2 tm** 2;3_‘& 1518‘5 o
; -6 -3 -8 ~4 4 . 145}
Potassiom (19).... . - K42 ,5 fi:g_, Zi:g_, Zi:gﬂ 3§§§~= Samarium (62)_ .. Sm 147 s 7XI07M ] 25107 | axi07M | g wiges b
; -0 -3 a1 skl -3
Praseodymium (59) . .| Pr 142 H 2 X107 9 x1074 7 <1077 3 X103 S 151 IS znge 3><:g“2 4 /(:04 :-Xloq [
i 2x1077 | exio¢ | sx107 | 3x107 m15 ‘ ol ol i RO M e B
1677 - -8 -5 x X
ST A SR R e s 5| sl SNl D) oaxes
-7 -3 108 -3
Promothivm (61).. _ Pm 147 5 6X107 | 6x107 | 21070 | 2xi0m [ . . ;X:g,, o | lxiom axios g
) 1 51077 6 %10 ax10-" 251074 6:’Sr:m'l iwm (2V). ... Sc 46 * - X 0_3 leo_w 4X10—. o
Pm 149 s IX107 | ix107 | 1x10% | 4xios © ! 2107 } x107 B X107 dxiot
1 2 %1077 1 X107 8 x1077 4 %1075 Sc 47 s 6x1077 | 3x107 2 X107 93107 [0
1 x -7 -3 -8 10S
Protoactinium (91).. ... Pa 230 s 21670 7 x1073 6107V | 2xy07¢ W ! Fx1077 ) 3x107 2 x1078 IXI0TF e
) i BXI070 | 731070 | 3x107M | 2xipé w Se 48 5 Ix107% | Bx10” 6 X107 Ixloms
Pa 231 s 1X10712 | 31075 | 4x107% | 9 xi077 ! 1 X107 EXI074 | 51070 | IX107F wem
; 1 x10-10 8 %104 4 w11 2 %yg-¢ | Selenium (34) .. . S0 75 s 1 X107 9 X107 4 x107¢ Ixiemt O
Pa 235 5 X107 | 4xi07t | 2x107 X107 | ! VX100 BXT0T L 4xi0T | axioe
h 2 %1077 3 %109 6 %100 1x10-s (Silicon (14) | 5i 31 H 6 x10 3 x10 j 2 x1077 g X104 I
-6 - -8 -
Radium (88) . Ra 223 5 2X1077 | 2x107F | &x107M | 7 w107 's ;X§°-., 6 X107 3 X107 2x1074 =
f 2X1070 | 1x10¢ | 8x10-7 | awig-e |Sver(ary ... Ag 105 01 3o 2o | o
Ra 224 s 5 %107 7 <10 2%10-10 2 %1076 i 8 x10™ 3x30” 3X107 110" =
‘ 721010 | 2 1o 21071 | 510 Ag 110m s 2x1077 | 91074 7 X1077 X107
Ro 226 s 3x1071 | 4x1077 | 3x107R | 3107 ! 1 X107 FXIOT | 3x1070 3107 &
; 5 x10-1 9 5104 2 xig-12 310 Ag 111 5 I xie? 1 X107 11078 4x1ems )
Ro 228 5 7xi0mt L gxi077 | axioon | 3 xipe ! 21077 1 1x107 BX1079 | 4x107s =
h 4x10°1 7 %10~ 1 %1012 3xyos |Sedium (YN} | Ne 22 § 2x1077 I X107 6 x1077 4X1078
Radon (86) Ra 220 5 IX1077 | Tx1078 L. ! 9 X107 9 x107 3x10710 | 31078 i
. i >> Rm222° s Uy w0t 3516 Ne 24 $ 1 x107¢ & x1073 4 %1078 2 %104 &
n L R - DRI - i 1 x1077 81074 5x107° FHI07F -
Rhenivm (75). ... - 7| Re 183 s SR | Baen | ixen S oL |swontium (38 |5 g5m 5 Ax1070 1 2307 | 110 | 7xi0 R
X ' i ! 3x1075 | 2x107 1107 7 X107
- - - - < X
Re 186 s gx107 | 3 izg’; e 1o Sr 85 5 2X107 | 3X107 | 8x107 | 1xiod o
Re 157 5 9;!0*4 7 X107 3x1077 | 3x1073 i X107 1 5 X107 4x107 | 2310 O
) ! 5x1077 | 4x1072 21078 2x10™ §r 89 5 3x10 3 X107 IxioT | gxioe @
. I 4 %108 B X6 1x107° 3 %1078
- - 18 ~3 <
w3 ) aae | ey | g SR B R A S R
: - i 5107 X107 2 X107 4 %1078
- - 10 ?
Rhodium (45).. ... .....| Rh 103m s gx:g’: 3?:3-»: 22}24 ii:g” $r 91 5 %1077 1 2107 | 2107 | 71078
Rh 105 s aixo*’ 4107 3x107 1 X107 ! drae | Ixom §xio sxo
| 51077 3%10°9 21070 1 X107 Sr92 § 4 %1077 2x107 2 X107 7 %1075
<10™ ] axio- 2 x10° 1x107¢ 6 X107
- - - o s
Rubidium (37)._ ... .| Rh 86 iS g;::g;’ ;i:gj ;i:g . ;;:g_s Solfur (16).... ... ... 5 35 s 31077 | 2107 | 9x107 | g x1p75
B : N - I IxI077 | axiew 9 %1077 3 X107
Rb 67 s Fx1077 | 3x107 | 2 ><:°~: 25307 |rantalum 72y Ya 182 s 4x107 1 X107 X107 | 43107
J 7 X107 5 x10 2x10 x i 2 x107¢ 1 X107 7xtemw | 4 x107s
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APPENDIX B APPENDIX B ' .
g Concentrations In Alr and Water Above Navwrsl Background—Continuad Concantrarions in Air and Water Above Natwral Beckground—Continued
% toee foutnotes on page 20-15) . (See footnotes on page 20-15)
= Table | Table § Tabla | Table 4
)
> i - ’ ;
3 Element {atomic numbar) ! isotope ! Colume 1 Columa 2 Column 1 i Column 2 Elamant (atomic numbar) isotope ' Column § Column 2 : Colymn 1 Column 3
~ : ' . ! : !
o i ] Alr Y Weter . A L Water : . Alr Woter | Air Warer
z + \ pc;t/ml);(ucllml)((pm/mlj (uCi/ul) + i::pcl/ml){(pc1/m1)g(Uc:umlj {(pCi/ml)
| ' - i { ‘ X ' :
i ' ! | : ' :
Technstivm (43}, .. .. i Te 96m 3 i B x1ps axip7 L 3xiott oy x107? Therium (90) | Th 234 3 | & xip¥ 5107t 0 2xio™ | 2xio7f
! - 54 o ) 3 xio! ‘ 1 x107¢ 1 ¥ owipT? . | { t 3 xi07t 5x107 Ty x0T ‘ 21673
fTe 96 $ . 6x1077 3 x107 12 X107 1 1007 | ppggium (69 i Ym 170 $ I axio 1 x1073 P x107? 1 5 x107F
g H foaxier 1 txien | sxi107° 5 X108 ‘ 1 3 X078 Tx107Y 1 1xi107Y | 5 xio7d
{ Te 97m 5 2 x107¢ 1x10°7 | B xio? 4x10° Tm 171 4 % 1 x1077 1 x1077 1 &4x107Y | sxioT
1 2 x1077 sx107 | 5xi07? 2 x107¢ | 1 i 2x1077 1x107 | B xio™? | sx10-
Te 97 5 1 X1078 §x107? 4 x1077 axi0™? (Ve (50).. ... ... ..o Sn 113 3 4 X107 2x1073 1107 - gxioT?
! 3 x1077 2 x107? 11678 8 x1074 f . Sxiont 2%1077  2xI0T? g xipT
Te $9m H 4x107% | axio? 1 X107 6 x1073 Sn 125 H I 74 1 4 Sxi074 | 4x107° 2 XY
t 1 %1078 g x107? $ x1677 3 x167? i s xwot %1074 3IxWwY . 2xi07d
Te 99 $ 2 %1078 1 X107 7 %107t 3 x10°4 | Yungsten (Wolfram) (74}, . W 181} 5 21074 Ix1077 0 ax107t 1 4y
| 1 6 x107% 5 %1677 2 x167¢ 2%1074 H 1x1077 IXI67T 0 4x107Y | axi0Te
Yollurium (32). ... ... .} Te 125m S 4 %1077 5 %1073 1 x1o? 2 %1074 W o185 H 81077 7 4xieTr I 307t 1 X107
i 1 %1077 3 x107Y 4 xi107* 1 X107 i 1x1077 . 3 xie? 4 x1077 1xIne
o Te 127m 5 1 x1077 2 %107 5 xI07Y 61079 ¢ W 187 $ 4xt077 1 2x107¢ 22107 . 7 1078
& i ; C 4 %1078 2 %1073 110 sxios B 1 3 X107 2x107% 1 Ix107Y | exi0T?
N e | Te 127 s I 2xi07e 8 %1677 6 107 3 %1074 = Urenium (92)......... i U 230 3 33107 1 A1074 P %1070 1 §inTe
Pu i t 9 xIeT 5x107? 3 X107 2x107 & t 1 x¥p710 1X107¢ | 4x1077 . 3 xi07
£ b Ts 129m S 8 x107° 1 X107t Ix107¢ 3 X078 u 232 s 1107 8x107¢ 1 3xI0THL I xI073
u i 3 xi07 6 X107 t xi107? 2 x3878 o H 3 xiomy 8 1074 9 X107 3 x107¢
Ye 129 5 5 X0 21072 21077 B X304 U 233 s 5 x107Y G X107 2 x107" 3 xIn78
1 4x1078 2 x¥07? IR L & X107 » 1 %107 9 x107¢ 4x10°M ! 3Ix1078
Te 131m $ 4 x1077 2 %1073 1 %1078 6 %1078 ¥y | U 234 s & X107 9x107¢ | 2xiot . 3xi07
t 1 x1077 1 x1073 & x107° 4 %1078 f 1 x1ome 9 x107¢ | exi1o7Y 31078
Ya 132 S 2 %1077 9 X104 7 X100 3 x1p7s ¥x| U 235 st %1071 8 x107* | zxioT! 3 X107
i { TX1077 L 6 x107! 4107 2 1073 i T xig7¥e Bx1070 1 4 x¥07H 3 %107y
Terbium (65} .. Y 180 $ 1x107? 1 x167% 3 x107° 4x1078 U 236 $ & x10710 Ix167% | zx107" o X1078
! Ix107t | ¥y xig7? S xieTY 4 %1073 i 1107w Tx107d | 4axios 31078
Thallium (81) T 200 $ Ixio™t 1 x1e7? 9 x107¢ 4 %3074 ¥¥| U 238 5t 7 x1wo" 1x107Y ) axiov 4 %1073
{ 1 x107¢ 7 x1p7? ax107 | 2xv07 t 1 x1g7Y 1 X107 | 3 xie7v & x1073
T 201 [ 21078 9 x1073 7 x107¢ 31074 U 240 H 2 x1077 1x107% B xiot 3x107?
1 gx1077 | Sxip7d X167, I xI07¢ i 2x1077 1 x1073 6 x107° 3 %107
I 1202 s gx1077 | 4xyon 3xi07t L 1xi07 #¥| U-naturel st 1 x107Y 1X107 | Bxyo? axy0”?
| ! 2 %107’ 21070 Ex107F 1 7 xi078 ! 110770 1xio™ § Sxie7? 3 %107
l 1 204 H &x1077 | 3xi7? 2%107 | 1 x10°¢ | Vanodium (23) vV 48 s 2X1077 I E XD 3 %1078
| { o 3xioTe 2x\0'_" 9 X107 5xm'js i 6 x107¢ 8 X107 - 2xi107° 3 x1078
Thorium (90} «, Th 227 s boaxte'® sxio X167 2xX0 Xenon (34). .. . ... Xe 131m Sub 2x16°8 | . 4xio7?
‘ i Poaxtemiol sxiet | extot? 2xi07? Xe 133 Sub vxto°¥ Lo axieT?
| Th 228 5 axto ' gxie™t 3x107'3  7xagt Xe 133m Sub Yx107F L L x0T L
1 ex10703| ax1e™t | zxi1e7* X0 Xe 135 $ub 4x107t | . . ... 1xi077 }
Th 230 5 2x167t3 sxy107% sX107t4 2X107% | Yuaebiym (70). .. . ...l Yb 173 $ 7 x1077 3 %107 ] 3 x107¢ 1 %1074
| [ 1X10 “l gx107* axig™? axsg™? . f & %1077 3 %107t ! 2 <107t 1 %1074
«! Th 231 s 1X10°¢ yxta ). sxi0® 2X107 | yirium (39). Y 90 3 1 x1077 6x10 ¢ 4x107 2 %1078
! ; 1x10°¢ 1x10°% | axio ® 2X107t i O &x10°¢ .1 3xi0” 2 x10°¢
| Tn 232 ] axte 't sxrettloaxtelli 2xyod Y 91m s 2x16 ¢ | 1x1070 | @x107 | 3x107)
ol ] 3)(10"I 1)(10—’ 1X107'? 4X107S i 2 %1078 1 1ot 6)(“0’ 3 %1077
.,.ull“rh natursl S extp ! inO:’_ axi10t? 2%X10 8 Y 9} < 431078 gxiot I 1xio? 3 %1074
6Xi0 't 6)("34 axiot?® 2Xt10 * i 1 %107t B %10t ; 1 w107 § %1073
Y 92 § 4x107 %107, 1x107 6 x1073
i I xio7 2x107 | 1xiott & xi07?
Y 93 5 2 %107 axto-¢ ' &x1077 3 x107?
t ¥ xi0 7 8107t §xi077 31078
{
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APPEHDIX 8

Concentrations in Al and Water Above Hatural Background-—Continvad

{See footnotes on page 20-i5)

Tabls | Table I
Elament {astomic number) fsotope ! Column 1 Column 2 Column 1 Column 2
Air Water Air Water
l(uCi/ml (uCi/ml](uCilml} (pcl/mi)
Tine {30}, ... .. U i £ X 3-1 5 1 x1o-7 I X103 4'x10™° 1 X167
. i 6 %1078 5 x1073 2 x107° 21074
In &9m S 4 %1077 2 X107 1 X178 7 x1078
! 3Ixio7 2 X102 1 x107? 6 X107
1 zn 69 5 7 X107 5 x107? 2 %1077 2 %1073
) I 9 X107 51072 I X077 2 X107
Zirconium {(40).. ... .. r 93 s 1 X107 2 %1077 41077 81074
i 3 xi077 Z X 1077 1 x107¢ 8 x10™¢
Zr 95 s 1 xiom7 21073 41077 & X103
i 2 x1078 2 x1073 ¥ X107 6 X108
Ir §7 5 1xi1077 51074 41077 2 X108
I g x107¢ 51074 I x107° 2 X107
Any sinale radionuclide | | Sub L1524 1 < L IXI0TE L.
not listed abeve with
docay mode other than
alphg amission or
spontanseus fission
ond with radisactive
half-life lozs than 2
haurs.
Any single radionuelide | ___________ .. ____ 3 X187 9 X107 1 %10~ 3 X107
not listed abovs with
dacay mode other than
aipha emission or
spontansoys flssion
and with redisactive
half-life greater than 2
houry.
Any single radionuelide | ... _____ ... ... & X079 4 %1077 2 X107 I X078
not listed above, which
decays by alpha emis-
tlon or speniancous
figslon,

g time of exposurs during s 40-hour workweek

S} shall not excsed §X10-° BA ,Ot-hr/ml, where
N BA is the specific sctivity of the uranium ine
@ Imled. The concentration value for Table 3T iy
Y 9,007 milligrams uranium per cubic meter of

3 alr. The specific activity for naturnal uranium

¢ Seluble (8); Insoluble (1),

*Bub” means that values given are for submersion ity
o semispherics] infinite cloud of airborne material,

» * These radon concentrations are appropri-
ate for protection from radon-22% combined
‘with its shert-lived daughters. Alternatively,
the value in Table I may be replaced by one~

g third {14) “working level.” (A “working
o

level” is defined ns any combination of gshorte

8 lived rudon-223 daughters, polonium-218,

lead-214, blgmuth-214 and polonium-314, in

E'one liter of air, without regard to the degree
o of equilibrium, that will result in the ulti-
< mate emission of 1.3 x 10° MeV of aslpha
1 particle energy.) The Table II value may be

replaced by one-thirtieth (V) of & “working
level.” The limit on radon-2%2 concenfrations
in restricted arens may be based on Ay ahe
| _pual gverage,

I4. Por soluble mixtures of U-238, U-234
and U-485 in alr chemical toricity mey be the
lmiting factor, If the percent by weight {(en~
richment) of U-085 is less than 5, the con-
contration value for o 40-hour workwoesk,
Table I, s 0.2 milligrame ursnium per cuble
metor of alr aversnge. ¥or any enrichment,
the product of the average concentration snd

‘18 877X 10-7 curles per gram VU. 'The specific
activity for other mixtures of U-238, U-238
end U-234, If not known, shall be;
BA=8.8X10-7 curies/gram U - U-dopleted
8A= (0.44+0.38 E-+0.0034 12} 108 E2072

where E is the percentage by welght of U—23}S:
expressed g8 percent. .

*Amended 37 FR 23319,
**Amended 39 FR 23990; footnote re-
designated 40 FR 50704,
**eamended 40 FR 50704,
TAmended 38 FR 29314,
jAmended 39 FR 25463; redesignated
40 FR 50704.
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PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

NOTE TO APPENDIX B

water of mors than ons radlonuclide, the Bmiting values
zm’ purposes of thiz Appendix should be determined as
fhllgwal .

1. If. the identity and concontration of esch radionu-
cltde 1n the mixture ere known, the lmiting values
should be derived as follows: Dietermine, for each ra-
Ainnuch
Ef"m.‘ﬂ

I Nove: lon any csse whers thers s » mixture In sir or

the mixture and the Hmit otherwlise patab-

3. If any of the conditions specified below
ars meat, the corresponding values specifiad
below may be used in lizu of thoss specified
in paragraph 3 abovs,

8. II ths identity of ssch radionuclide in
the mizture ls known bui the concentration
eof one or more of the radionuclidea in tha

in the mizture, the ratlo hetween the quantily @© mizturs ls not kEnown, ths concenirsilon

limit for the mixturs is ths limit apecified

{abet in appendiz B for the specific radionuciide when = 45 Appandix "B” for the radionuclids in the

not in a mizture. The sum of such ratios for 8l the
raddion {
unity

Iiies in Lhe mizture may not wxceed "1 (ie, & Mmixture having ths lowesl concontration
W limit; or

Cyamrie: [f radlonuciides A, B, and O are present @ . If tra 1deniily of sach radionuciids Ia

in concentrations Ca, Ce, sud Co.and if the applicable

M PO, st MP(a, and MPCg and MPCc respes

tively, then the concenirations shall be Hmited so that
the following relationship exists:

£
S
@
o
o
u
=
7

r

30 FR 15801

Ca Cs | U¢

MPCL MPCa MPC(’ﬁi

2. 1f pither the identity or lhe concentration of any
radionuciida in the mixture 8 not known, the limiting
values for purposes of Appendiz I shail be:

For purposes of Tabls I, Col. 1—8X 10-4
b, For purposes of Table I, Col. 2—4x 107
¢. Por purposes of Table 11, Col. 1-—2X 103
¢. For purposes of Table II, Col. 2—3 X 10-¢

»

the mixture is not koown, bul it i3 known
that certain radionuclides specified in Ap-
pendlxz "B’ ars not present 1o the mixture,
the concentration limit for ths mifture is
tha lowest concentration limit specified in
Appendix “B"” for any radlonuclids which ta
not znown to be abssent from ths mizture;

¢. Elemsnt (atomlc number) and isotops

111t s known that Sr 90, 1125, 1126, 1179, 1134, {1133,
taple 11 only), Pb 210, Po 210, At 211, Ha 223, Ra 224,
Ra 228, Ac 227, Ra 228, Th 230, Pa 231, Th 232, Th-

Cnal, Cin 248, C1 254, and Fin 230 are not presanl.. ...

374t is known that Sr90, 1 125, 1126, 1129, (f 131, § 133,
table 11 enly), Pb 210, Po 210, Ra 223, Ra 2268, Ra 228,
Pa 231, Thopat, Cm 248, Cf 254, and Fin 158 are not
L S R T T

1115 known thal 8 60, 1129, (1125, 1128, 1131, table 11
only), Pb 210, Ra 228, Ra 223, Cin 248, and Cf 254 ore
BOD PPSSOIL L L La el ee e cieag e st

1430 i3 known that (1 128, table 11 only), Ra 228, and Ra

94 are NOU PIPSENt . L ool ii. aia aeeiciiiace

Is known that alpha-emitters sud §r 90, 1128, Fh

A7, fia 228, Pa 23, Pu 241, snd L% 249 are not
PERSRIFL L Lt i st sty o

114t 13 known that alphaemitters and Pb 210, Ac W7,

T a 238, and Pu 24 seemet prosent L. lioloans

if 12 13 k¥nown that aipha-emiuers and Ac 227 aro not
presenl. L Lioiaaaiaiiionas IR T LT

1117 &3 ¥nown that Ae 227, Th 200, Pa 231, Pu 238, Pu
238, Pu 240, Pu 242, Pu 244, Cin 248, C1249 and Cf251
BT S

e
Table I Table IX
Column 1 Column 2 Columpn 1 Column 2
Alr (uCifmb Waier Alr{uCljmi}] Water
wWCifmly {2Ctfml}
.............. EXI0F eciaceeeand] BX107
.............. 8X103 e ———— 2)(19“'
5.9 1 oo N FRNURRS. - E4 aud
320t TS DRI X107
3Xio IXICTR o eieconon
axirs ) D ¢ 1+ oL LN DU
axion i
-5 $ €2 ol L SOOI 1Xi0-3

A4

40 FR 507

R

Movember 14, 1975

NOTE: Amendments made by 40 FR 50704 becoms etfective 1/29/76.

26 FR 11046 39 F ¢
7 “"‘"_""} r"‘39 R 23980

4. If  mixturs of radionuclidss consists of
wranium and its daughters in ore dust prior
4o chamiral separation of the uranium from
the ore, tha values spacifisd Da2low may b
usad for uranium and its daughters through
radium-338, instead of thoss from paragraphs
"1, 2, 67 3 abovs.

#C1/m) gross slpha aotivity; or 8X 108 xCLl/
ml patural uranium; or 78 micregrama pet
cublc meler of alr natural uranium.

b. ¥or purpeses of Table IX, Col. 1—3X -3
#Cl/ml gross alpha ackivity; or AX 162 01/
ml ratural uranlum; oF 3 METOETIINE PP
cublc meter of sir patural uranium.

8. For purposes of this Bols, a radlo-
nuclids may be considarsd a3 not present in
a migture 0 (a) the ratio of the concentras
tton of that rsdionuelids in the minture
(Ca). to the concentraiion Hmit for that
radionuclides specified in Teble I of Ap-
pendix B (MPCa) does not exvesd Mg

{l.8. Tﬁ%\zﬁ?ﬁ‘;ﬁ) and {b) ths wum of such
Tatios for all the radionuclides considersd a3
not present in the mizturs do23 not azceed
%

Cs

Ca W,
d.e. “¥EFs +§‘;Mé‘;_+ N4 3B

20-18

a. Por purposes of Tabls I, Col. 31X 10-10
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*Parium-133 -

Americlum-241
Antimony-122
Antimony-124
Antimony-125
Arsenie-73
Arsenic-T4 ...
ArseniceT6 .omennn
Arsenic-TT «.cmenn
Barium-~131

Avranpix C
Malerial

Bartum-140
Bismuth-218
Bromine-82
Cadmium-109 ...
Cadmium-116m
Cadmium-118§ .
Calcium-45
Calclum-47 (...
Carbon-14 ...
Cerium-141
Ceriurn-143

Certum~=144 .o

Cestum«~131 .
Cestum-134m

Ceslum-135

Cesium-136 __
Ceslum-137 ..
Chlorine-38 _.
Chlorine-38 ..
Chromium-51
Cobalt-58m .
Cobalt-58
Cobalt-60
Copper-64
Dysprostum-~-165
Dysprosium-168
Erbium-169
Erbjum-171
Europium-1562 3.3
Europfum-~1562 13
Europium-154
Europlum-156
Fiuorine-i8
Gadolinium-153
CGadolinfum-159
Gallfum-72
Germanium-71 .
Gold-198
Gold-198

Hydrogen-3
Indium-~113m ..
Indium-114m ._
Indium-115m __
Indium-116
Iodine-125

Iodine-128

Iodine-129

Iodine-131

Iodine-132

Jodine-133

Iodine-~134

Iodine~135

Irtdium-182
Irfdium-184
Iron-55
Iron-58 ... c.cnn.
Krypton-85§
Krypton-87
Lanthanum-140 .
Lutettum-177 ..
Mangnanese-52 __
Manganese-54 ..
Manganese-58 ...
Mereury-197m
Mercury-187
Mercury-208 ...
Molybdenum-88 .
Neodymium-147 .
Neodymium«148 .
Nickel-58
Nickel-83

Niobium-85
Niobium-97
Osmium-185

k..
| 2 SO,

Microcuries

Muaterial Microcuries
Oamium-18im . _.______. 100
Osmium«18Y . ... ... 100
Osmium-183 .. ..__.. 100
Palladium-103 __. ... ... 100
Palladium-108 ... .ocu. o 100
Phosphorus-32 . ...on... 10
Platinum-~191 _._...... 100
Platinum-183m .cooennn 100
Platinum-193 ._._.o... 100
Platinum-197m _...._.. 100
Platinum«187 . _ ... ... ‘100
Plutonium-238 ... .01
Polonium-210 .. .... 0.1
Potassium-42 ...__... 10
Praseodymium-143 .. 100
Praseodymium-143 ..cecrcccnen- 100
Promethium«147 oocoau. emmewm—— 10
Promethium-149 ... ——m—— 10
Radium-228 ... ——— - .01
Rhenium-186 ... cnnmoana 100
Rhenium-188 .cvvvrcccnmnnacmas - 100
Rhodium=103m ..cvmuomcvcvnnnnne 100
Rhodium-1056 ... cnneanew 100
Rubldium-86 .. ercvmnnnnmanaa 10
Rubidium«87 ... ———— 10
Ruthenfum-97 .. R {1 1]
Ruthentum-103 .. e a0 e o 10
Ruthenlum«108 oo e 10
Ruthemium~106 «occevmnno- - ——— 1
Samarium-151 R, 10
Samarium-I153 v cvrcrcwrmmneena 100
Seandiumedd ...vvromnmccancnnes 10
Scandiume47 vevcvccvnnmennannne 100
Scandium=48 ...cccnvucnna ————— 10
Selenium«T78 .cvovcvnnnnmnnn o 10
SIHCON=BL cnvvcsccrrnerccacaeenan 100
Sliver-108 10
Silver-110m 1
Stiver-111 ... 100
Sodium-24 ... 10
Strontium«85 ... 10
v Strontium-89 ... 1
& Strontium-90 ... a1
&  Strontium-91 __. 10
¢ Strontium-82 ... 10
W  Sulphur-3% ... 100
] Tantalum-182 .. 10
Technetium-868 .. eemse o ——— 10
Technetium-87TM  cocvcecccnccana 100
Technetium-97 _... _— - 100
Technetium-88m ... .. ... - 100
Technetium«98 .veueeun ——— 10
Tellurium-125m ..._.. - 10
Tellurfum-12Tm ... oo 10
Tellurium-127 oo 100
Tellurfum-128m ... ..... - 10
Tellurium-129 _._..... - 100
Tellurtum-13im ...... 10
Tellurtum-~132 ... .. 10
Terbium-160 10
Thallium-200 100
Thallium-201 100
Thalllum-202 100
Thalllum-204 ... ._._. 10
#¥rnorium (natural)le..eve- - 100
Thullum-170 e - 10
Thullum-171 ... - 10
TIn-118 e 10
TiN-128 (v rrmm—————— 10
Tungsten=181 .. .o cicciaanan 10
Tungsten-185 ... .... - 10
Tungsten«I187 i 100
Uranium (natural)? . cvceccrewawn. 100
Urantum-233 . i rccnaan .01
Uranium-234— Uranium=235 _..... .01
Vanadhum-48
Xenon-131m
Kenon-133 __.__.._.
Xenon-135
Yiterblum=i7% L. __._.. 100
Yetrium-80 e imenaaaaa 10
Yitrlum-81 e cdunanonnaa 10
Weitrtume82 _ . i irnmm————— 100
Yetrium=83 i irmra————— 100
ZINC-B8 e m———— 10
Zine-89M L. iiirmcmnea——— 100
ZInc-69 i mrr - 1,000
Zirconium-93 .. ceei v 10
Zircomtum-83 o eeecmomaaaan 10
Zircontum=87 .ol iiinaraneana 10

2047
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Any ualpha emttiing rdionucitde

not isted above or mixtures of

alphe emittters of unkoown copi-

postilon a1
Any radivnuclide other than aipha

cemitting radionucitdes, not listed

above or mixtures of beta emit-

ters of unknowrn composition. .. .1

Note: For purposes of §§ 20.203 and 20. 304,
where there is involved a combination of isc=-
topes in known amounts the limit for the
combination should be derived as follows:
Determine, for each isotope in the combina-
tion, the ratio between the quantity present
in the combination and the limit otherwise
established for the specific isotope when not
in combination. The sum of such ratios for
all the {sotopes in the combination may not
exceed “1" (Le., “unity”). Example: Por pur-
poses of § 20.304, if s particular batch con-
tains 20,000 uCit of Au!98 and 50.000 uCit
of C¥, it may also include not more than
300 uCit of 8% This limit was determined
as follows:

35 FR 6425

4 29,000 pct ael®® | 50,000 vey cté | 200 wog 1B
108,600 wii 106,000 wit 1,000 sci
The denominator in esch of the above
ratios was obtained by multiplying the figure
in the table by 1,000 as provided in § 20.304.

oo ———
1Based on alphas disintegration rate of

Th-232, Th-330 and thelr daughter producta.
*Based om alphs disintegration rats of

U238, U-234, and U-235,

*  Amended 36 FR 16898,

** Amended 39 FR 23990.

T Amended 38 FR 29314,

April 30, 1975
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PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

Appendix D

. UMNITED STATES NUCLEAR REGULATQRY' COMMISSION

- INSPECTION AND ENFORCEMENT REGIONAL OFFICES

- q

setts, New Hampshire, New Jersef.
New York, Pennsyivania, Rhode is-
land, and Vermaont

631 Park Avenue

King of Prussia, Pa. 19406

Telephone
Region_ Address
\ B SR Daytime N Sy
Re?‘son i, USNRC
Connecticut, Delaware, District of Co- office of Inspection and
lumbia, Maine, Maryland, Massachu- Enforcement {2153 337-450 {215) 337-115¢0

4i*

Alabama, Florida, Georgia, Kentucky,
Mississippi, Morth Carolina, Panama
Canal Zone, Puerio Rico, South
Carolina, Tennessee, Virginia, Virgin
Islands, and West Virginia

Region i, USNRC

Office of inspection and
Enforcement

230 Peachiree St., N.W.

Suite 818

Atlanta, Ga. 30303

(404) 5264503 }(404)526-4503

IHinois, indiana, lowa, Michigan, Minne-
sata, Missouri, Ohio, and Wisconsin

Region 111, YSNRC

Office of inspection and
Enforcement

799 Rooseveil Road

Gien Ellyn, 11k 60137

{312) 858-2660

{312)858-2660

<

[ AV

Arkansas, Colorado, ldaho, Kansas,
Louisiana, Montana, Nebraska, New
Mexico, North Dakota, Oklahoma,
South Dakota, Texas, Utah, and
Wyoming

Region 1V, USNRC

Office of inspection and
Enforcement

611 Ryan Plaza Drive

Syite 1000

Arlington, Texas 76012

{8173.334-2841

{817} 334-284%

A%

Alaska, Arizona, California, Hawaii,
“Nevada, Oregon, Washington, and U.5.
territories and possessions in the

- Pacific

Region V, USNRC

Office of inspection and
Enforcement

1990 N. California Bivd.

Suite 202

Walnut Creek, Calif.
94596

(415) 486-314

18 (415)486-3141

<<

40 FR 42557

" October 3, 1975

RN RRIODAOOCIUT RIS
NOTE: The reporting and record keeping

requirements contained in § §20.205(b) and

20.205(c) and required by §20.40l(b) have
been approved by GAQ under B-180225
(R0O054). The approval expires June 30,
1977.
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